





PREFACH. 


The wogk now submitted to the judgment of the Public 
has for its object the determination of time, at day or night, 
within limits sufficiently accurate for all common purposes, 
and by means so simple and easy as to be attainable by 
persons of every description. 

The writer was led to this undertaking some years ago 
by the extreme difficulty which exists in this Country in pro- 
curing Sun-dials, or other instruments by which the data 
necessary for calculating time may be obtained ; and although 
he cannot flatter himself that he has entirely succeeded in 
his endeavours, he has still reason to believe that as far as 
universal dials are concerned, the Tables now submitted to 
publicenotice, will, in a great measure, supersede the use of 
them, both in point of accuracy and the facility with which 
time may be determined. n 

In a work of this nature, it is not to be expected that the 
theoretical principles on which it is founded can be render- 
ed very plain and infelligible to those unacquainted with 
the elements of Astronomy and Mathematics, but the writer 
has endeavoured to state them as clearly as possible con- 
sistently with the nature and limits of the work, and he 
hopes that the practicaland most useful part of the various 
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rules, will be easily understood and applied even by 
persons of the lowest capacity. Na 

The primary object of the Tables being the regulation 
of watches, great care has been bestowed in rendering them 
accurate and free from typographical errors. The writer 
however, regrets to state that notwithstanding the utmost 
exertions made in this respect, a few errors of the latter 
description have crept into the work, which are given ina 
table of Errata, and may be easily rectified. 


W. G. 


ERRATA. 


Page 7, line 2, Dele the quotation marks, 

» — 1s 8 from bottom, For measuremsnt read measurement. 

v 12, last line. For 8h. 304m. and 3h. 92m, read 8h. 334m. 
and 3h. 63m. respectively. - 

18, lines 5 and 9. For 2h. 12m, read 2h. 2m. 

» 34, line 7. For characters read character. 

x 36, 4, 4 from botiom. For on read or. 

2 — 5 2from do. For latitudes read latitude, 

9 43, 5 18. For ascending read eguinoctial,—the point rgferred to being 
the intersection of the Moon’s orbit with the equinoctial. 

» 51,in N. B. For above Table, read second Table. 

1 79, Alter the list of places so as to correspond with that at page 81. 

x» 96. Opposite to 3f. Gin., in column headed Mar, 23 to Mar. 25, for 27 
read 37, 


CONSTRUCTION AND USE OF THE TABLES. 
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The astronomical problem for the determination of Time 
requires, as is well known, three elements for its solution, 
viz. the latitude of a place, and the declination and altitude 
of the celestial body which is the object of our observation. 
‘Two of these elements, viz. the latitude and declination, 
are always known ; the former, by being ‘an invariable 
quantity, and the latter, either by its being constant, or va- 
rable within certain limits, or by its being capable of deter- 
mination by calculation. The third element, viz. the alti- 
tude can be deduced from observation only, and the simplest 
method of doing this, is by the following process which is 
sufficiently correct for most ordinary purposes. 

Let ABC be a horizontal plane, and S the place of the 
Sun or Moon, then, holding a rod DB perpendicularly on 
the level surface at B, 


*S 





it is obvious that its shadow will be projected ‘to the point 
A, which is in the same line with D and S. But ABD 
being a right-angled triangle, BD is the tangent of the 


Cc 


oer BD 
angle BAD to radius 4B; whence 7Bj is the trigonome- 


rical tangent of the angle BAD, which represents the alti- 


iG 
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tude of the luminary S. Hence* the altitude may be easily 
ascertained, 

Now let 4 represent the altitude of any celestial body 
thus determined, D its declination, and Z the latitude of the 
place where the observation is made ; then, since the co-lati- 
tude ef the place and the polar and zenith distances of the 
luminary, form a spherical triangle, having the angle which 
represents the distance of the object from the mtridian, op- 
posite to the zenith distance, we have, 

cos. Zen. Dis.— cos, Co-lat.xcos. Pol. Dis. 

Pest Mere Di sin. Co-lat.xsin. Pol. Dis. 

Or, substituting 4 for the meridional distance in angular 
measure, and P for the Polar distance, 





sin, A — sin, Z. cos. P. 


cos. h = > 
cos, L. sin. P 


But 2 sin.’ =l-cos. h. 


2h =e sin. 4 -sin. L. cos. P 
2 


2 sin. ~ 
cos. LZ. sin, P 





= £8 LZ. sin. P+sin. L. cos. P=sin. A 
cos. LZ. sin. P 


__ sin. (P+ Z)-sin. 4 
_ cos. L. sin. P 


cos. } (P+ L+A).sin.4 Pitas 





mT 
* cos. L. sin, P 


and in logarithms, 
2 log. sin. 4-20 +log. cos. 4 (P+ Z+A) 
+log. sin 3 (P+ L-4)—log. cos. Z:—log. sin. P. 


2, The above is the formula usually given in astronomi- 
cal works for the determination of A, but the operations it 
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involves are tedious, and bring out the rtsults with a pre- 
cision altogether superfluous for the purposes intended by 
the accompanying Tables. We shall therefore proceed to in- 
vestigate another formula, which, though wanting in general 
utility, is, nevertheless, in our particular case, of more easy 
application, and equally correct in its. results. 

Reverting to the expression, _ 
sin, 4 ~ sin. Z. cos. P 

cos. LZ. sin, P : 

and, dividing the numerator by the denominator, we have, 
cos, 4 = sin. A. sec. L. cosec. P~tan L.. cotan, P, 

Or, substituting for P, its equivalent 90° > D, . 

cos. h = sin. 4. sec. DE. 8ée. Dytan. Zi tan. D, » 

where the upper or lower sign is to be used, according as 

the declination and latitude are of the same or different 

names. . 

3. This is the formula by which the accompanying 
Tables have been computed ; and although it is not adapted 
to logarithmic calculation, yet by the aid of subsidiary Tables 
showing’ the values of its terms for every degree of latitude 
and declination, it will be found to afford facilities of calcu- 
lation, not easily attainable by any other ®rmula. 


203. h = 


4. The original computations by means of the above ex- 
pression for cos. 4, were made -for every degree of latitude 
and declination, and for the altitudes corresponding to every 
second term of the tabulated shadow. The results of these 
computations were obtained to the nearest tenth of a minute, 
“and interpolated with second differences 3 and when any of 
the intermediate quantities did not appear to be sufficiently 
accurate, they were rectified by independent calculation. 

5. The apparent altitudes, deduced from the measured 
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shadow were corretted for refxaction, before the formula 
was applied, but the effect of parallax has been disregarded, 
not only because it varies with every celestial body, but also 
because it is of a perceptible amount only in the case of the 
Moon, and it will be shown hereafter how the shadow mea- 
sured in Moonlight, should be corrected, to obtain that which 
corresponds to the true altitude of the planet. 

6. The manner in which the results of the preceding 
calculations, and the elements necessary for their determina- 
tion, have been arranged in the accompanying Tables, is so 
obvious, as to require only a very brief explanation. : 

. %. Each table, it will be seen, contains two double-pages 
having the latitude for which it is computed marked at the 
top, and the principal places to which it is applicable at the 
bottom of the pages. Although from the circumstance of the 
Tables being intended expressly for the southern part of 
India, we have inserted therein only such places as are to be 
found in the Madras and Bombay Presidencies, yet it is obvi- 
ous that the table may be used at any place in the northern 
hemisphere of the globe situated on the same paralle? of lati- 
tude ; and likewise in the southern hemisphere, by merely 
changing the word. north for south, and south for north, and 
altering the other parts of the table accordingly. 


8. In the first vertical column of each double-page, 18 
given the length of the shadow of a rod of 4 feet from It 6i". 
to 20 feet, which comprehends all altitudes, from 11° 19° 
to 69° 27’, 

9. The third argument, viz. the declination is inserted in 
the lowest horizontal column of the Tables, accompanied by, 
one of the suffixes +or — , the former of which denotes nor’ th, 


and the latter south, eslinationss Corresponding to these de- 
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clinations, and in the firgt and seeond hofizontal: columne,() 
are inserted the two periods ®) of the year, during: which 
each vertical column: may be used, in ordinary cases, for the 
determination of time by the Sun. The two.days by. which 
these periods are limited, answer respectively to: the.. Solar 
declinations which form the means between every tabulated 
degree, and the next preceding and succeeding one. Hence 
the days which correspond exactly to. the declinations insert- 
ed in the lowest horizontal column, are situated nearly in 
the centre of the above periods, in those cases where the des 
clinations are in arithmetical progression,. while in others, 
their situation: corresponds to the situation of the declinations 
between the means to which the limiting days answer, ‘Thus, 
in the two periods which answer to 5° South declination, the 
limiting days March 9th. and October 5th, answer to the de- 

* dination nearest to 43° on the side of the above declination, 
and the days March 7th, and October 7th, answer in. like 
manner, to the declination nearest to 53°. Again as. the 
period in the first horizontal column contains 3 days, and 
the declination 5° is equally distant, from ‘the next preced. 
ing and succeeding declination, the day answering to it, is 
“nearly in the centre of the above period, and is therefore 
about the 8th. of March, 

So, in the two periods whizh correspond to 11° North 
declination in the table for 15° N. latitude, the days April 
Vth, and August 27th. answer to 10°, and the days April 
25th. and August 20th. answer to 13°, 0n the side of 11°; 


and, as the declination in question is situated nearer to 9° 








()) By the “ first” horizontal column is meant that at the top of the Tables, 
and by the “ secorcd,”’ the upper of the two horizontal columns at thé foot of 
each Table. ; Dec, 22 


(2) The periods are thus represented, {0 ; which means from Dee, 22d. 
Dec, 29 
to Dec. 29th. 


. 
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than to 15°, the differences being in the proportion of 1 : 2, 
the days answering to it, are approximately the 20th of 
April, and the 24th of August. 

10. In-the body of each Table, are inserted the intervals 
in hours and minutes, between noon and the time of the ob- 
servation of the shadow ; the hours being marked on the 
left hand side, and the minutes onthe right hand side of 
each vertical column. To avoid a multiplicity? of figures, 
the hours have been omitted wherever their repetition would 
be unnecessary ; and it is to be observed that in all such 
cases, the number of hours marked immediately above or be- 
low the vacant places, is understood. Thus, in the second 
vertical column of the Table for 15° North latitude, and in 
correspondence to 8 4" in the first page, we find only 31 
minutes, which stands for 3 $1"; and inthe third. vertical 
column of the same page opposite to 5¢ 2! we find 27 
minutes, standing for 24 27™, ; 

11. Since the quantities inserted in the body of the 
Tables, represent the intervals between noon and the time 
of the observation of the shadow, it is evident that when the 
observation is made in the afternoon, the.above quantities 
represent at oncethe time of the day ; and that when it is 
made in the forenoon, they must be subtracted from 12 hours 
to obtain the time in ordinary reckoning—Thus, in the-table 
for 13° North latitude, corresponding to 9% 4in, we find 
in the second vertical column of the first page, the: quantity 
32.49". This would represent 49 minutes after 3 o’clock, 
if the observation of the shadow were made in the afterneon, 
but 3" 49™ Zo 12 o'clock, if in the* forenoon. , In the latter 
case, therefore, the time would be 12" less 3% 49", or 


8* Lim 4, min ordinary reckoning. It is evident that in. 
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order to avoid the compound‘subtraction, “we ‘might simply 
say, “ 49-minutes fo 9 o'clock ; the -9- o'clock ‘im’ this” case 
being obtained by mentally subtracting the tabulated hour 
3 from 12 hours. - : : : a 

12. From the nature of the calculation by which the’ res 
sults embodied in the Tables, are obtained, it is evident. that 
these resultggre strictly correct only to the latitudes marked 
at the top af the Tables, the declinations inserted.in the lew. 
est horizontal column, and the altitudes corresponding to 
the shadow in the first vertical column. These conditions, 
it is obvious, can but seldom exist together. Hence: it: be» 
comes necessary to show, how the results in question may” 
be modified so as to answer every possible change which can 
take place, in either one, or all, of the elements upon ‘which 
they depend. . 

13. Before, however, we proceed to this part of the sub- 
ject, it is important to observe, that as the elements. of de- 
clination and latitude are generally known before hand, the 
accuracy of the result obtained in any practical case, depends 
materialky apon a correct measurement ef the shadow, which 
should therefore be performed with great care. The ground 
selected for this purpose should be the mozt level that can 
be obtained ; the rod) which is tobe 4 feet long, should 
be held between the thumb and forefinger, and be suspend- 
. ed above the ground for a few seconds until it rests in a per- 
pendicular position by virtue of its own gravity. It ‘should 

(1) The rod should be cylindrical, being abouf one inch in diameter; and 
should be made of teak, or some other heavy wood to resist the effects of slight 
currents of air. For facility of measuremsnt, it should also be graduated with 
feet and inches, “ : ican 

(2) We have fixed upon 4 feet, as the most convenient length for’ practical 
Purposes, but it is obvious that the rod may be of any length whatever, though 
to render its shadow a proper argument for the Tables, it would be necessary 
to reduce it to the corresponding shadow of a rod of 4 feet, either by propor- 


tion, or by measuring it with a scale, of which the linear unit is the 48th part 
of the rod. 





, 
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then be gently lowered, and at -the instant it tonches the 
ground, the shadow shdutd be noted and measured. 

14. On holding a rod in sunlight, it will be perceived 
that‘a circular penumbra is formed at the zextremity of its 
shadow. . This is caused by the rays which proceed from the 
upper and lower limbs of the sun and intersect one another 
at the top of the rod, the dark edge representing | the posi- 
tion of those which proceed from the upper liab. . When 
the sky is clear, and the sun considerably above the horizon, 
the extent of this shadow is not great, and the limits of it 
are so clearly defined that the distance of its centre from the 
foot of the rod may. be easily measured to obtain the shadow 
which corresponds to the centre of the sun ; but as this orb 
descends, the penumbra increases rapidly, attaining to about 
12 inches when the dark shadow measures 20 fect, and its 
boundaries beceme so faint and indistinct, as to render it 
difficult to trace them clearly. Under these circumstances, 
the length of the dark shadow must be increased by a quan- 
tity, obtained by calculation and inserted in the subjoined 
table ; and it is to be carefully borne in mind that this cor- 
rection is always supposed to be made, before the result of 
any measurementgcan be applied practically. 


° 
TaBLe. 
















so 

ae ‘ , 

be 3g Correction. Correction, 
Cie] 

(ond 











Feet, In, 
1 | +02 
2) 08 
3} 03 
4 0.4 
5 |..06 


OF THE TABLES. 9 
Race L 


15. Having thus obtained the length of the shadow, 
look for it in the first column of the Table, which is headed 
by the latitude of the place, or by the degree nearest to it"; 
then, in a line with that shadow, and in the vertical column 
adapted to the given day will be found the trve or apparent 


interval betsveen noon and the time of the observation. 
« 
Exampie 1. 


In the forenoon of the 8th. of March, in latitude 15° N. 
I measured the shadow of a rod of 4 feet, and found it to be 
3¢ 6, Required the time. 

Turning over to the Table which bas the 15th. degree of 
North latitude marked at the top, we find, in the horizontal 
line corresponding to 3° 6", and in the vertical column 
headed by the period March 7th. to March 9th, which includes 
the given day, the quantity 2" 25™ for the interval between 
noon and the time of the observation ; consequently, the time 
required is 25 minutes to 10 o'clock, or 9" 35" a. mM. Had 
the observation been made in the afternoon, the time would 


have been simply 2" 25™,0) or 25 minutes past two. 
Exameie 2. 2 


At Madras, on the 17th. of November, I measured the 
shadow of a three-feet rod, and found it to be exactly 24 
feet. Required the time. 

Since the shadows of different rods taken at the same 
instant, are proportional to their lengths, 


ye 
23 xa 34 feet==3 4, for the cor- 





we have,3: 4 tt 





(1) Both these times, and in fact, all the results of the succeeding examples 
until art. 19, require to he corrected by the Equation of time. The amount 
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responding lengthe-f afour-feet xod. Therefore, turning to 
the table which has the 13th. degree of North latitude marked 
at the top, we find, in a line with 3 4™, and in the column 
containing the given day in the second horizontal column, the 
quantity 15 36™, for the interval between noon and the time 
of the observation. Hence, the required time is either 36 
minutes “) to 11 o'clock a. M., or 1” 36™ P.M. 


Rure II. ‘ 


16. When the length of the shadow?) is not found 
exactly in the Tables, towards the latter part of which it 
increases successively by several inches, take the difference of 
the intervals corresponding to the next less and next greater 
tabular inch ; and find the proportional part of it due to the 
situation of the given shadow. Apply this correction to 
either of the above times, as the case may require, and the 
true interval will be obtained. 


ExampPve. 


In the afternoon of the 11th. of December in latitude 16° 
North, I found the shadow to be 10£ 4i-, when my watch 
indicated 51 minutes past 3 o'clock. Required the error 
of the watch. 2 

The intervals corresponding on the given day to 10% and 
10f 6. in the Table for 16° N. latitude, are 3'49™" and 


3 54™ respectively, where a difference of 5 minutes 





of this equation on the given day ascertained from the table in art. 28 is + 
11 m. ; so that the mean time sought is either 9h. 46m. a. mM. or 2h. 36m. P.M. 

(1) The equation of time on the given day is —15 m. ; ‘so that the cor- 
responding mean time, or the time that would be shown by a well regulated 
clock, is either 10h. 9m. a. M., or 1h. 21m, P.M 

(2) Whenever this term is used absolutely. it is always “intended to signify 
the shadow of a rod of 4 feet, answering to the centre of the sun, and obtained 
either by measuring to the centre of the penumbra, or by allowing for it as 
shown in art. 14. 
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is produced by a variation of 6 inches in ke length of the 
shadow. Consequently we have the following proportion ; 
as6:4: :5:2%4_ 3 minutes, which is the correction due 
to 4 inches. Hence 3% 49™ + 3)™= 3" 521™ is the time re- 
quired,” and the watch having indicated only 3 51™, it was 
therefore 14™ too slow. 

17. It will be perceived that in laying down the preced- 
ing rulesin articles (15) and (16), we have assumed that slight 
variations of declination and latitude cannot mate rially 
affect the results obtained from the Tables. This is not 
strictly true, but the deviations from accuracy are so small, 
that except for the single purpose of regulating watches, we 
may consider the rules as generally applicable, Even for 
this purpose, by measuring the shadow at times favorable 
for observation, the deviations of the corresponding results 
may be reduced within very narrow limits. Should it how- 
ever, be required to allow for changes of declination and lyti- 
tude, it may be done in the following manner. 


Rote III. 

18. Case Ist. To correct for changes gf declination. 

In the table adapted to the given place, find by the prb- 
cess mentioned in art. 9, the two days of the year which 
answer to consecutive declinations,@) and have the given day 
situated between them. Then, proceed asin articles (15) and 


(16), to determine the interval corresponding to the measured 
shadow, and each of the days just found. Take the propor- 





(1) The equatio®& of time on the given day being —7m, the time required is 
properly 3h. 454m. so that the watch was, in fact, 5}m. too fast. 

(2) These days may be ascertained by inspection only from Table II. or IV. 
of the general Tables attached te this work. . 
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tional part of therdifference between these two intervals, 
due to the situation of the given day, and apply it to one of 
them by addition or subtraction, as the case may require, 
when the interval sought will be obtained. 


EXAMPLE. 


At Bellary, on the 7th. of October, I measured the shadow, 
which I found to be 5f 3m. Required the time. . 

In the Table for 15° North latitude, we find by art. 9 
that Oct. 9 and Oct. 6 are the two days, which answer to 
consecutive declinations viz. 6° and 5°, and Itave the given 
day situated: between them. Now by art. 16, the intervals 
corresponding to 5* 3 and the above days are 3* 15™ and 
3” 17™respectively, where a difference of 2™, is produced 
in 3 days. Hence the difference due to one day is 3"; con- 
sequently, the interval sought is 3" 17 gm— gh 164™; and 
the time required 8" 432" 4. M. or 3" 16)™ p,m), 


Case 2d. To correct for changes of latitude. 


Having, asin the preceding case, determined the two inter- 
vals which correspond to the measured shadow, the given day, 
and the degrees of latitude next less, and rext greater, than 
the latitude of the place of observation, take the difference 
between these intervals, andfind the proportional part of 
it, due to the situation of the given latitude. ‘Apply this 
correction to cither of the intervals, as the case may require, 


and the interval sought will be obtained. 
Exame_e 1. 


At Cuddapah, on the 16th. of November, I foand the shadow 





(1) The equation of time on the given day is —10m. Therefore, the eor- 
responding mean time is either 8h. 304m. a. M., or Sh. 9¥m. P, ¥. 
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to be 3& 11, when my watchshowed exa@ely 1545" pP. m. 
Required the error of the watch. 

The intervals corresponding to the 16th. of November, and 
3! 11m of shadow, in the Tables for 14° and 15° North 
latitude, determined as in case 1st. of this rule, are 24 12™ and 
18 574™ respectively, the difference between which, is 44™. 
Therefore, since Cuddapah is in 14° 28’ North latitude, we 


43 X 28 


have a 2™ nearly, for the proportional part of the 





above difference due to its situation. Hence 2® ]2™— 2ms= 
2 Om, is the correct interval at the time of the observation. 


Consequently, the watch was 15™ too slow.() 
Exampte 2. 


At Tsichinopoly, in latitude 10° 50°N. I measured the sha- 
dow on the 3d. of January, and found it to be 3* 9im, Re- 
quired the time of the day, and the error of my watch, which 
indicated 10" 13)™ 4. . at the time of observation, ’ 

From Table IT, of the general Tables attached to this work, 
we find that Jan. 2nd. and Jan: 6th. are the days which answer 
to consecutive declinations viz. 23° and 223° and have the 
given day situated between them. Now by art. 15, the inter- 
vals corresponding to 3° 9i- and Jan. Qnd. and Jan. 6th. in the 
Table for 10° latitude, are 1454™ and 1» 56™ respective- 
ly ; whence the interval corresponding to Jan. 3rd. is 1» 54™ 
+(£ of 2m) ==1> 544", In like manner, the interval cor- 
responding to the given day and shadow in the Table for 
11° latitude, js 14 49, Consequently, in the latitude of 
10° 50’, we have 1» 50™ ngarly, for the interval answering 
to the given da} and shadow. Whence, the time required 


_ 


(1) The equation of time in the given day being — 15m, the watch was really 
not in error. 
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is 10" 10™ 4, m#*, and the error of the watch + 33", or 3 
minutes too fast. 


Examp.e 3. 


At Bangalore, in latitude 12° 58’ N., the sky being par- 
tially clouded, I found the dark shadow on the 13th. of May 
to be 2% 7, Required the corresponding time. 

Ans. 10" 433™ a. M., or 28 163™ P.M. 


ExaMpue 4, 


At Vizagapatam, in latitude 17° 42’ N., I measured the 
dark shadow on the 8th. of November with a three-feet rod, 
and found it to be 56 4}. Required the corresponding 
mean time. Ans. 9° 18™4. m., or 3® 10™p. M. nearly. 


19. Those who are conversant with astronomical calcu- 
lations, will be aware of the fact, that in all observations de- 
pendant upon the motions of the heavenly bodies, there are 
certain times, at which the results of the observations are ob- 
tained with greater accuracy, than at others, Thus, in the 
problem which forms the subject of the present work, alti- 
tudes taken too near to the horizon, will be affected with the 
uncertainties of refraction, while those observed too near to 
the zenith will be liable to error, in consequence of the slow- 
ness of the motion in altitude. The former inaccuracy, how- 
ever, does not take place within the limits to which the ac- 
companying Tables extend ; but the latter does, and to such 
a degree, as to render observations taken too near to the me-~ 
ridian liable to much uncertainty. A cursory inépection of the 
Tables will he sufficient to convince us of this fact ; for while 
a difference of one inch in the shadow, does not create more 





(1) Corrected for the equation of time from the Table in art 28, this time 
becomes 10h. 15m. 4.m,so that the watch was 1}m. too slow. P 
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than a few.seconds’ difference in the comesponding time, 
when the sun is near the horizon, or when the shadow. mea-: 
sures about 20 feet, it will be perceived that the same varia- 
tion causes a difference of as much as 20'minutes, when the 
sun is close to the meridian in extreme south declinations. 
Hence it becomes necessary, before we determine upon the 
accuracy of any practical result, to ascertain what error a 
small difference of shadow is likely to create in it, assuming 
for this purpose, a deviation of one-quarter of an inch in the 
measured shadow. When the Sun is more than two hours 
distant from the meridian, an error of this magnitude: will 
not affect the corresponding result in a sensible manner, so 
that a single observation will, in general, suffice to determine 
the time accurately to the nearest minute ; but when the 
sun is not so distant, it is necessary to repeat the observa- 
tions at short intervals, and to consider the mean of the cor- 
responding results as the true one. 
EXamPLe. 
At Bellary, on the lst. of Oetober, I took the following wh: 

servations of the shadow, viz. 

16 9% when my watch indicated 10% 41™ a. m. 

1t BEE. do. 10" 453" ,, 

1 74". do. 108 53} ,, 

Required the error of the watch. 


The time determined from the first observation, as direct- 
edin the foregoing rules, is 105 583". Hence, the error of the. 
watch is—17™, or 173™ too slow. By the second observa~ 
tion, the time is J1* 23", arfd the error of the watch 17", 
In like manner, by the third observation, the time is 11" 113, 
and the error of the watch — 18". Consequently, taking the 
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mean ofall the. poree errors, we,have — 173" for the true er- 
ror of the watch.(), ! ‘ 7 

20. The results obtained from the Tables according to 
the above rules, are, ‘as we have already mentioned,’ in érwe 
or apparent time. This.is the time. indicated by a correct 
sun-dial ; and being dependant upon the motion of the Sun, 
is never of the same value between two successive revolu- 
tions of that orb round any particular meridian. But. the 
motion of a well regulated clock being equable, can never 
correspond with that of the Sua. \ Thus, the clock, if it goes 
true all the year round, will be before the sun from the 24th. 
of December till the 15th of April ; from that day, till the 
15th. of June, the Sun will be before the clock; from. the 
15th. of June, till the 31st. of August, the clock will be again 
before the Sun; and from thence to the 24th. of December, 
the Sun will be faster than the clock. Hence, the times 
shown by a well regulated clock and a good sun-dial, are 
never exactly the same, except. on the 15th. of April, the 
15th. of June, the 31st. of August, and the 24th. of December. 
The difference between these two times, is techiically de- 
nominated the Equation of Time, and depends relatively to 
its causes, ‘upon-two circumstances, viz. the obliquity of the 
ecliptic to the equator, and the unequal motion of the Sun 
in its orbit. : 

21. In order to explain the first cause, let us suppose 
two Suns to set out, at. the same instant, from the vernal 
equinox, or the first point of Aries, and to travel equably ; 
the real sun in the ecliptic, and the imaginary sun'in the 





(1) The equation of time on the given day being — 10nf,, the watch was only 
74m, tooslow. It is to be observed, that when the equation of time is to be applied 
to-the error of.a watch in apparent time, it must be done with a sign contrary 
to that interposed in art. 28, ¥ R 
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equator ; the motion of the lafter orb beieg, consequently, 
the measure of mean time, or the time shown by a well re- 
gulated clock. After a lapse of time, both Suns will have ad- 
vanced the same number of degrees in their respective or- 
bits. Let S denote the place of the real sun in the ecliptic, 
$” the corresponding position of the imaginary sun in the 
equator, 4 the first point of Aries, and @ the obliquity of 
the ecliptic to the equator. Then, supposing a meridian to 
pass through S, it will intersect the equator at some point 
P, the relation between which and the point S, will be ex- 
ptessed by the following formula, deduced from Napier’s 
analogies ; viz. 


tan. 4S X cos. 6 = tan. AP. 


Now since & is about 23 28’, its cosine is less than the 
radius, which is here considered to be unity ; hence, tan. 4P 
is less than tan. 4S ; consequently, in the first quadrant of 
the ecliptic, AP is less than AS, or its equal AS’, Whence, 
the right ascension of the real Sun, is less than the right as- 
cension of the imaginary Sun ; and the former orb, therefore, 
comes to the meridian sooner than the latter, or solar noon 
precedes noon by the clock. The real Sun thus continues to 
precede the imaginary, till both are 90° distant fram 4, when 
their right ascensions being the same, both Suns will come 
to the meridian at the same instant. 

22, When the Suns have passed the solstitial colure, and 
havé entered the second quadrant of the ecliptic, the ares 4S 
and AS’ are each of them greater than 90° ; hence, their tan- 
gents are negative : and, hecause in ares greater than 90°, a 
greater arc has humerically a less tangent, and vice versa, 
we have, from the analytical relation above adduced, the ars 
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AP greater thap-fhe are 4S, orits equal 4S’. _ Consequent- 
ly, in the second quadrant, the right ascension of the imagi- 
nary Sun is less than the right ascension of the real Sun. 
Mean noon, therefore, precedes the apparent, and it conti- 
hues so in advance, till both Suns come to the autumnal 
equinox, when they again pass the meridian at the same in- 
stant. 


23. In the remainder of the ecliptic, the same phenome- 
na are exhibited as in the first two quadrants, with this ex- 
ception only that the real Sun row moves in the southern 
hemisphere. Hence, in the third quadrant, apparent noon 
precedes mean noon; andin the fourth quadrant, is itself 
preceded by the latter. 


24. To explain the second cause, let us suppose the earth 
to be situated in‘the focus of an ellipse representing the or- 
bit of the Sun, and two Suns starting simultineously from 
the apogee, and travelling the same way round it, the ima- 
ginary Sun with a velocity equal to the mean motion of the 
real Sun. Then, since the velocity of the real sun ig slowest 
at the apogee, in consequence of his being there at the great- 
est distance from. the earth, it is clear that the i imaginary Sun 
will at once take the lead of the former ; hence, any terres: 
trial meridian comes sooner to the real Sun, than to the ima- 
ginary, or solar noon precedes noon by the clock. The ima- 
ginary Sun continues to precede the real, till the accelerated 
velocity of the latter reaches its mean value, when the'two 
Suns will be at their greatest separation. The real Sun now 
begins to gain upon the other, and finally overtakes him at 
the perigee ; when both Suns being in conjunction, solar and 
mean noons happen at the same instant. 
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25. On passing the perigee, the acceleegted motion of 
the real Sun having there attgined its maximum, carries him 
before the imaginary Sun ; hence, the same meridian’ comes 
sooner to the imaginary, than to the real Sun, or mean noon 
precedes apparent noon. The real Sun continues in advance 
with a decreasing velocity, till his motion reaches its mean 
value, when the two Suns will be again at their greatest se- 
paration. ¥rom this moment, the imaginary Sun gains upon 
the real, and finally overtakes him at the apogee, where, as 
before, both suns being in conjunction, solar and mean noons 


happen at the same instant. . 


26. Thus we see, that in relation to the first cause, the 
equation of time vanishes at the equinoxes and solstices ; 
and in relation to the second cause, it vanishes at the perk 
helion and aphelion points, which do not coincide with any 
of the former, Hence, under the operation of both causes, 
it will vanish at none of the six points above mentioned, but 
at four intermediate ones ; which, when determined by~ cal- 
culation, are found to be the points in which the Sun is situ- 
ated on the dates mentioned in article (20). 


27. The equation of time computed for every day in the 
year, is inserted in the principal almanacs published at 
Madras, for the purpose of deducing mean solar from appa- 
rent time. In order to regulate its application, the signs + 
and —, are interposed in the column which contains its seve- 
ral values; and it is to be observed, that when the interpos- 
ed sign is +, the equation of time must be added to, and 
when the sign is—, it myst be subtracted from, apparent 
time, to obtai:? the corresponding mean time. 


28. The subjoined table exhibits the equation of time : 
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for every day p&the year at Madras ; and as the quantities 
inserted in it vary but imperceptibly for longityde, it may 
be used in any part of India. 


TABLE oF THE Equation or Time, 


Day ofthe 
Month, 
January 
June 
July 
August 
September 
October 
December 
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29. We shall conclude this part of thexsubject, by an- 
nexing a table of the latitudes of the principal places.in the 
Madras Presidency and the southern parts of Bombay ; 
from which, the latitude of any intermediate place, may be 
found approximately by the usual method of interpolation. 

Exampte I, 


Required the latitude of Putticonda,- which is 18 miles 
from Gooty on the main road to Adoni, supposing the dis- 
tance between these two places to be 38 miles. : 

The difference of latitude between Gooty and Adoni, be- 
ing 87 minutes, we have, 38: 20::37:195 minutes, for 
the difference of latitude between Gooty and Putticonda. 
Consequently, 15° 12’ + 19}’ = 15° 31’ nearly, is the lati- 
tude required. 

Exampue 2. 


‘ Required the latitude of Ramiapatam, which is situated 
on the high road from Nellore to Ongole, and is 33 miles 
from the latter place. 

By reference to a Road-book, we find dat the distance be- 
tween Nellore and Ongole is 78 miles ; and as the difference 
of latitude between them, is 1° 2’ or 62’, » 

, we have, 78 : 33; + 62’ : 26} minutes. 
*, 15° 30’ — 26’ = 15° 4’ is the latitude required. 
Exampie 3. 

Required the latitude of Adamancottah, which is situated 
on the road from Bangalore to Salem, and is 36 miles from 
the latter place, and 34 miles from Royacottah. 


Ans. 12° 19’ North, nearly. 
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Tas.e or ,LaAtiTUpEs. 

















North | District or” North | District or 
Name of Place! atitude| Province. | Name of place. |p ssitude.| Province 
Xdoni 15° 39 |Bellary Hurryhur 14° 29° | Mysore 
Alleppy 9 21 {Travancore [Hyderabad 17 12 |Hyderabad 
Ahmednuggur | 19 5 jAhmednuggurfItchapoor 19 6 |Ganjam 
Anantapoor 14 41 [Bellary Jaulnah 19 §2 {Hyderabad 
Arcot 12 54 |N. Arcot Jeypoor 18 47 WJeypoor 
Arnee 12 41 Do. Kulladghee 16 ‘12 |S. Mahratta 
Aurungabad 19 56 |Hyderabad Kurnool 15 50 |Kurnoot 
Avenashy 1t = 8 [Coimbatore Linga Soogoor 16, 7 Hyderabad 
Bangalore 12 58 |Mysore Madras 13 |Chingleput 
Baugapilly 13 47} Do. Madura 9 65 |Madura 
Beejapoor 16 50 {Sattarah Mahe 110s 4t {N. Malabar 
Belgaum 115 53 |S, Mahratta | Malligaum 20 28 |Candeish 
Bellary 15 9 |Bellary Manantody 12 41°‘{N. Malabar 
Berhampore 19 18 |Ganjam Manargoody 19 28 {Tanjore 
Bombay 18 66 |Concan Maggalore 12 52 {Canara 
Calicut 11 (15 |S. Malabar Masulipatam 16 69 Masulipd#am 
Cannanore lt 61 |N. Malabar Mereara 12 26 (Coorg 
Chicacole 18 15 {Ganjam Mominabad 18 42 {Hyderabad 
Chingleput 12 41 |Chingleput Muctul “116 30 Do. 
Chinroypatam {| 12 65 |Mysore Mysore 12 18 |Mysore 
Chittledroog 13 56 | Do Nagercoil 8 11 |Travancore 
Chittoor 13 12 |N. Arcot Negapatam 10 46 zasiore 
Cocanada 16 57 |Rajahmundry | Nellore 14 2g {Nellore 
Cochin 9 58 |Cochin Neilumboor 1139 |S. Malabar 
Coimbatore 11 0 [Coimbatore | Nuggur 13 50 |Mysore 
Colapoor 16 47 |Sattarah Nundidroog 13 23] Do. 1 
Combaconum 10 57 |Panjore | [Ongole” 15 30 |Nellore 
Coonoor 11 20 |Coimbatore Oossoor 12 44 [Salem 
Coringa 16 48 |Rajahmundry | Octacamund 11 23 {Coimbatore 
Cottayam 9 86 |Travancore Palamcottah 8 44 |Tinnevelly 
Cranganore 10 12 [Cochin Palaveram 12 57 |Chingleput 
Cuddalore 11 43 |S. Arcot. Palmanair 13 41 [N. Arcot 
Cuddapah 14 29 \Cuddapah Paulghautcherty| 10 47 |S. Malabar 
Cumbum 15 Be Do. Pondicherry =| 11 56 |French Terry. 
Cuttack 20 27 |Cuttack Poodoocottah 10 23 |Madura” 
Dharwar 15 25 |S. Mahratta | Poonah 18 30 |Poonah 
Dindigul 10 22 |Madura “ | Poonamallee 13 4 |Chingleput 
Ellore 16 45 |Masulipatam | Porto Novo Yt 29 3S. Arcot 
Freneh Rocks | 12 “18 |Mysore Pulicat 18 25 |Chingleput 
Ganjam 19 22 |Ganjam Quilon 8 53 |Travancore 
Goa 15 29 {Portuguese Rajahmundry 17 © }Rajahmundry 

‘Territory | Ramapatam 15 § |Nellore 

Goomsoor 19 53 |Ganjam Ramnad 9 20 |Madura 
Gooty 15 12 [Bellary Royacottah 12 31 |Salem 
Gopalpoor 19 15 |Ganjam Russeleondah 19° 56 |Ganjam 
Guntoor 16 18 jGuntoor Sadras . 12 82 |Chingleput 
Hingolee 19 36 |Hyderabad Salem “11 39 {Salem aj 
Honawar 14 17 |N. Canara Samulcottah 17 3 {Rajahmundry 
Hoonsoor 12 19 |Mysore Sattarah 17 40 |Sattarah 
Hospet 15 - 16 {Bellary Sattimunglum 11 31 [Coimbatore 














See ee’ 
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orth | District or North | District or 

Nome of place: /y atitdde] Province, | Name of place. |, Nara, | strict o 
a 

Secunderabad 17° 27’ |Hyderabad Trevandrum 8° 31’ |Travancore’ 
Sedashegur 44 51 \Canara Trichinopoly 10 50 /Trichinopoly 
Serah 13 44 [Mysore Trichoor 10 3l (Cochin 
Seringapatam 12 382} Do. Trippasore 13° 8 Chingleput 
Sheemooga 13 52 Do. Tutacorin 8 47 |Tinneveily 
Sholapoor 17 41 |Sholapoor Vellore 12 54 IN. Arcot 
Sirey 14 37 |Soonda Bilgy | Vingorla 15 49 |S. Conean 
St. Thos.’ Mount] 13 0 Chingleput Vizagapatam 17 42 |Vizagapatam 
Tanjore 10 47 {Tanjore Vizianagrum 18 8 Do. 
Tellicherry 1) 45 |N. Malabar | Wallajahbad 12 46 |Chingleput 
‘Tinnevelly * 8 44 |Tinnevelly Waltair 17 45 |Vizagapatam 
Toomcoor 13°18 |Mysore Yelwal 12 20 Mysore 
Tranquebar lt 2 [Panjore 


Generav TABLes. 

30. Having thus given a short, but we trust sufficiently 
clear, explanation of the first set of Tables comprised, in 
this volume, which are applicable only to the Madras Presi- 
dency, and the southern parts. of Bombay, we now proceed to 
explain the succeeding set, or General Tables, which are 
adapted to the whole of British India. : 

31, It has already been stated in article (1), that when 
the shadow of a rod of 4 feet is given, the determination of 
the correspgnding time is effected by the solution of a sphe- 
rieal triangle, the three sides of which are known ; and in ar- 
ticle (2) we gave the formula, : 7 

* cos. h==sin, A. sec. L. sec. DF tan L. tan. D, 
as the one best adapted to that solution ; but it is obvious 
that the operations indicated by the above expression, can- 
not be, readily performed without the aid of subsidiary Ta- 
bles, showing the values of 

sin. A, sec. L. sec. D, tan. L. tan. D, and cos. h, 
for given quantitigs. The general Tables which we propose 
to explain are, in fact, the subsidiary Tables here alluded to, 


and the manner of using them is, consequently, indicated by 
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the relation whici subsists between the terms of the above 
formula. * i 

32. It is necessary to observe in this place, that as the 
term sin. 4. sec. L. sec. D of the second member ‘of the for- 
mula, contains three factors, it gives rise to a process of mul- 
tiplication between the quantities represented by sin. 4 and 
sec. L. sec. D. This multiplication, itis plain, may be avoid- 
ed, by making the subsidiary Tables exhibit the ogarithmic, 
instead of the natural, values of sin. 4 and sec. L. sec. D, 
and by adding one more Table, from which the number ‘an- 
swering to the sum of any two of those logarithms may be 
ascertained. With these modifications, therefore, 

33. Taser I. contains the logarithms of sin. 4, for every 
inch of shadow from 0 to 20 feet, the altitudes denoted by 
A, being in the first instance, corrected for refraction. ‘The 
feet ave inserted in the first vertical, and the inches in the 
first horizontal column ; and, the log. sin. 4 answering to 
any measured shadow, is found in the horizontal line marked 
with the feet, and the vertical column headed by the inches. 
Thus, the log. sin. 4 corresponding to 6¢ 7 is 9.7151, 
the index 9 being common to all the tabulated numbers. 
When fractional’ parts of an inch occur in the shadow, the 
log. sin. 4 auswering thereto must be obtained by interpo- 
lation ina manner similar to that directed in article (16). 
‘Thus, the log. sin. 4 for 10 42 is 9.5557. 

34. Tasux IT. expresses the logarithmic values of sec. L. 
sec. D for every degree of latitude and declination ; the 
former argument being ranged in the left hand column, and 
the latter in the third horizontal row of the Table. The 
logarithms are carried to four decimal places, and have 20 
for their index ; but the significant parts only are expressed 
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in the Table, so that both.the index and tlt.gmitted cyphers, 
will have to be supplied when deemed necessary. To ob- 
viate a reference to other books, the days of the -yean on . 
which the Sup arrives at each degree of declination, are 
inserted in corresponding columns; and by means of these, 
the value of sec. Z. sec. D for any other given day may 
be readily ascertained. For-,instance, let it be required to 
find the value of sec. Z. sec. D for the 24th. of May in lati- 
tude 15° N. ; then, since the values of sec. Z. sec. D for the 
21st. and 26th. of May are 20-0421 and 20°0449 rspectively, 
we have a difference of ‘0028 created in 5 days; whence the 
difference due to 8 days is 0017 nearly, and the required 
number is, therefore, 20:0421 + 0017 = 20-0438, When the 
latitude contains fractions of a degree, a similar interpolation 
must be performed. 


35, Tasue III. is one of anti-logarithms, and differs 
from the tables in common use, by having the natural num- 
bers inserted in the place of the logarithms, and vice versa ; so 
that a-nymber is found from its logarithm by the same : process 
as that which ordinarily finds the logarithm from the number. 
Thus, let it be required to find the natural number corres- 

_ ponding to 0°8567, The first two figures 85 being found in 
the first eolumn, and the third figure 6 at the top of the page, 
we have, opposite the former and under the latter, the num- 
ber 7:178 for the quantity answering to the first three figures 
of the given logarithm. The proportional part to be added, 
for the fourth figure 7, is 12, which is obtained from the co- 
lumn headed “ Proportional parts” by looking in the sanie 
line with the number 7-178 already found, and under the given 
figure 7, so that the nagural number required is 7.190. In 
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like manner, the“natural_ number answering to 9.4567 is 
+2863 ; and that answering to.9°8963 is “7875. - 

36.. Tasue IV. gives the significant patts of the zatural 
values of tan. Z. tan. D for every degree of latitude and 
declination, and is arranged in the same manner as Table IT; 
but it is to be observed that the numbers inserted in it (be- 
ing natural) have no index, and that they are additive when 
the declination is south, and subtractive when it is north, 

37. Tasxe V. contains the significant parts of the natu- 
yal values of cos. A. for every fifteen minutes of: angular 
measure converted into minutes of time. When the obser- 
vation of the shadow is made in the forenoon, the corres- 
ponding time is obtained from the Table by looking for the 
hours at the top, and for the minutes in the left hand co- 
lumn ; and when in the afternoon, by looking for those 
quantities respectively in the columns opposite to the former. 

38, ‘The mode in which these Tables are applied is now 
obvious.—Having ascertained from Table I, the logarithm 
answering to the measured shadow, add to it the logarithm 
from Table II., corresponding to the given day and-latitude’; 
and reject 20 from the index. Find the natural number 
answering to this sum from Table III, and add to, or sub- 
tract from it, the number from Table IV. corresponding to 
the given day and latitude, according as the declination is 
south or north. Finally, look for this sum or difference in 
Table V. ; when the corresponding time will be supplied by 
the upper and left hand columns, if ‘the observation be made 
in the forenoon ; and by the lower and right hand columns, 


if in the afternoon. - 





(i) As regards the Sun, the numbers are subtractive from March 21st. to 
Sept: 28d. during which his declination is north, and.additive from Sept. 23d. 
to March 21st. during which it is south. 
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Examp.e 1. 
Tn the forenoon of the 19th, of April, I measured ‘ha sha- 
dow at Bellary, and found it to be 3 7m. , Required the cor- 
responding mean time. 


Number from Table I. answering to 3° Zin... 9°8720 
do. Table Il. do. = April 19th. 
and 15° 10 latitude... 20-0234 





Sum rejecting 20 from the index............ 9°8954 


Natural number answering to it from 





Table HI “7859 
Number from Table IV. answering 

April 19th. and 15° 10’ latitude......... 0527 
Difference,—the declination on the given - 

day being north..........:.sssesseeesenees 7332 
Apparent time from Table V. answer- : 

ing to .73B2.. oi ..ecececeseeeeeceeeeee eens 9» 9™ nearly 
Equation of time..............:0seeseeeeeees saree —1 
Mean time required.............. nctetentiavsrags 98 8" A.M, 

ee 


It is obvious that by rejecting all the figures and points 
not essentially necessary to the calculation, the computation 
might stand simply as follows :— 














Number from Table I.................. ° 8720 
do Table IL......... 00.08 234 
. ‘ 8954 
Natural number from Table III........ 7859 
Number from Table I'V.................. 527 
Difference...........sececeeeeeeeneeee 7332 
Cor responding apparept time.. ‘ Qh Om 
Equation ef time.........0...::cceeeee —i1 


Mean time required,..........00.ccc00c0008 9b 8™A, a. 
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Exampaz 2. 


” At Trichinopoly, in the afternoon of the 26th. of J anuary, 
I measured the shadow and found it to he at Jin. Required 
the corresponding mean time. 
9243 
316 


9559 


9035 
650 
9685 
Om 58™ 
+ 13 Equation of time. - 


1* 11™ p. at. Time required. 


The computations by means of these Tables, are so readi- 
ly made, that when the interpolations mentioned in Rule II, 
have to be performed, it would be decidedly pee to re- 
sort to them. 

39. By means of these Tables, the time of Sutrise and 
Sun-set at any given place may be easily determined ; for it 
is to this form, tfat the general problem is reduced when 
the Sun’s real altitude is supposed to be 0, or the measured 
shadow to be infinitely great. In this case, as sin. 4 is 0, 
the formula given in article (31), becomes simply, - 

cos. h= + tan. LZ. tan. D, 
the double sign denoting that A is greater than 90° when the 
declination is north, and less when itis south; or that the 
semi-diurnal arcs are, in the one case, greater, and in the 
‘other, less than 6 hours. To find these ares, therefore, we 
have merely to take from Table IV. the number correspond- 
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ing to the given day and latityde, or theegiven declination 
and latitude, and to look for it in Table V; when, if the de- 
clination be North," the semi-diurnal are would be given by, 
the upper and left hand columns, and if it be South, by thé 
lower and right hand columns. Thus, 


Examp.e 1. 


Let it be required to find the time of Sun-rise and Sun-set 
on the 16th. of May, at Calcutta, in latitude 21° 2” N. 

Here the number from Table IV, answering to the given 
day and latitude is 1324 ; consequently, looking in Table V. 
for this number, we find (as the declination on the given day 
is North), that the semi-diurnal arc is 6 30}™ nearly. 
Hence, the Sun rises at 12" — 6 $0}™== 55 291" y apparent 

and sets a€.............cecceeeee 6h a time. 
Exampre 2. 

Let it again be required to find the time of Sun-rise and 
Sun-set at Aurungabad, in latitude 19° 56’ North, on the 
2d. of January. ies “x 

Herethe number from Table 1V. is 1540 ; and.as the de- 
clination on the given day is South, the semi-diurnal arc from 
Table V., corresponding to this number, i#5* 243m, 

“Hence, the Sun rises 
at 6% 353™ of apparent, or 6" 393" of mean time, 
and sets at 5".243™ of do. or 5° 284™ of da. 

40. Itis to be borne in mind, that the times of rising 
and setting thus obtained are the times when the Sun is 
really in the eastern and western horizon, and not the times 
of his appearance and disappearance ; which phenomena, in- 
consequence of refraction, take place when he is 32 56” 





e 
(1) Vide note to art. 36. 
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below the horizgne The time required to pass through this 
are, which is about 2} minutes, must therefore be subtracted 
from the computed time of rising, and added to that of set- 
ting, to obtain the times of actual appearance and disappear- 
ance. The results of the preceding examples being thus 
modified, would stand as follows, 

5" 27™ apparent time of rising. 
In the first example, te ‘ae as: af-setting: 
6 37" mean time of rising. 
55 31™ do of setting. 

41. Witherto we have confined ourselves to observations 
of the shadow made in sun-light, but it is evident from the 
nature of the problem, that there is nothing ia it to restrict 
the application of the Tables to such cases only, and that the 
declination and altitude of the Moon, or a Star, with the cor- 
responding measured or determined shadow, would furnish 
equally good data for calculating its meridional distance at 
the time of observation. There is however, one peculiarity 
with reference to the Sun, which deserves notice. His mo- 


In the second example, { 


‘tion being the immediate measure of our day and night, the 
intervals afforded by the Tables express at once the required 
times in ordinary‘reckoning, while in the case of any other 
luminary, they would represent merely the horary distance. 
of the object from the meridian at the time of observation, 
and therefore require not only a correction on‘account of its 
easterly motion in right ascension, but also a subsequent ap- 
plication by addition, or subtraction, to the time of transit. 
But these operations are readily and easily made ; and as the 
advantage of possessing some means of determining time at 
night is great, particularly with travellers, we shall devote a 


few pages to a brief consideration of the subject. i 
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42. Next in importance ¢o the Sun, Ssethe Moon, the * 
light reflected from which exhibits a perceptible. and mea- 
surable shadow when intercepted, but to render it available 
for the determination of time, it must undergo two correc- 
tions ; one, for the phases of the Moon, and the other, for her 
parallax. 

43. As the Moon is an opaque body and depends for its 
light upon the Sun, it is obvious that the illuminated portion 
of its surface is always turned towards that orb, so that if a 
plane were drawn through its centre perpendicular to a 
straight line joining it to the centre of the Sun, it would be 
divided into two hemispheres, one luminous, and the other 
dark. But to aspectator situated on the Earth's surface, 
only that portion of the disc is visible, which is cut off by a 
plane passing through the centre of the Moon perpendicular 
to a straight line drawn from it tothe centre of the Earth. 
Hence, whatever portion of the illuminated surface is com- 
mon to the two hemispheres will appear bright, while the rest 
of the disc will be invisible. When the Moon is new; i.e. , 
when itslongitude and that of the Sun are alike, the circle of 
" {llumination is directly opposite to that of vision, so that no 
portion of the Moon’s surface can be visible*to us; but as it 
recedes from that luminary, the above circles gradually slide 
upon each other, thereby exhibitirg more and more of the 
bright surface to the earth, till in quadrature i. e. when the 
Moon’s elongation, or distance from the Sun, is 90°, half of 
the disc appears bright, and the other half,dark. The lumi- 
nous portion continues to increase till the circles of vision 
and illuminatian coincide, when the whole of the bright sur- 
face is presented tous. At this time, the Moon is said to be 
full, and has attained its greatest distance from the Sun, 
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viz. 180°. Similér phenomena are exhibited as the Moon 
returns to that luminary in the other half of her .orbit, but 
in a reverse order, till at length it comes in conjunction and 
totally disappears, to begin a new monthly revolution, and 
undergo similar changes. 

44, It is therefore clear that in the first quarter of her 
orbit, the Moon appears entirely to the west of the meridian 
after Sun-set, and has its lower limb perfect. Is the second 
quarter the perfect edge is turned upwards while the Moon 
is to the east of the meridian, but downwards after. it has 
passed that circle. In the third quarter, i. e. after Full- 
Moon, the perfect limb is turned downwards ‘before coming 
to the meridian, but upwards after passing that ciycle ; and 
in the fourth quarter, the Moon is entirely to the east of the 
meridian before Sun-rise, and has its lower limb perfect. 
The magnitude of the illuminated portion may, in every case, 
be easily computed, by the well-known theorem that it varies 
in proportion to the versed-sine of the Moon’s elongation. 

45. When the perfect limb is turned upwards, the shadow 
corresponding to the centre of the Moon may be found by 
measuring to the dark shadow, which would be that of the 
upper limb, and‘correcting it by the quantities inserted in 
the Table of article (14), for the apparent diameters of the 
Sun and Moon are nearly alike, and may be assumed to be 
exactly so for our purposes. 

46. When the limb is turned downwards, the dark shadow 
would be that of the imperfect edge, and would consequent- 
ly be greater or less than the true shadow according as the 
Moon is at the time less, or more, than half-full. In a case of 
this nature, the requisite correction may be ebtained from 
the subjoined table, by looking for the measured shadow in 
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the left hand colunm, and for the number"o®days from or fa 
the nearest quarter at the top, and taking out the number 
answering thereto ; which will be additive if the Moon is 


more, and stibtractive if less, than half-full. 








TABLE. 
ee ee a ee eee 
3 2 | Number of days from or to the nearest Quarter. 
3 
$2 
salt 2 3 4 5 6 
Feet In. In. In, In Inv | In 
2 OL O1 0:2 O38 0-3 03 
4] 01 o2 0-3 04 O-4 05 
6 O-2 03 05 06 07 0-7 
8 0-2 O4 O7 0-8 10 Veh 
10 0-3 0-6 o-9 12 p14 15 
12 o4 0-8 13 |. «17 19 2:1 
4 05 11 17 2:2 25 28 4. 
16 0-7 V4 21 27 31 35 
18 0o-9 “18 27 35 40 45 
20 1-2 23 34 4:4 5-0 5S 

















47. As the line joining thé ctxps of the Moon is not ne- 
cessarily parallel to the horizon, but is more or’ less inclined | 
to it according to the position of the Sun, (for the above’ 
line must ‘always be perpendicular to that joining the centres 
of the two luminaries) it is'obvious that the numbers insert- 
ed in the above table would not always apply ; but their 
deviations from’ the accurate results would be so small 
in any real case, as to make this'a matter of no consi- 
deration. : 

48. When the Moon is more than six days distant from 
her quadratures, she must be regarded as New or Full. Also, 
when her enlightened surface is not bright enough to eause 
a visible shadow, a different method of procedure must be 
adgpted ; for rae) sve article (83). 
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49. The secend correction to be made in the measured 
shadow arises from the consideration of parallax. - 

50. In astronomical processes, all heavenly bodies are 
assumed to be observed from the centre of the Earth ; because 
that being a fixed and invariable point, the phenomena which 
aye supposed to be seen from it, would. partake of the same 
characters. With regard to the Stars indeed, whose dis- 
tance is so immense, that even the diameter of sthe Earth’s 
orbit does not bear any sensible proportion to it, it is a mat- 
ter of perfeet, indifference from what point they are observed : 
but it is not so with the Planets. ‘Their nearness to the 
earth renders their apparent places liable to be much affect- 
cd by the observer’s situation, and therefore, before we can 
apply observations made under such circumstances, it is ne- 
cessary to reduce the apparent to the true places. 

Let C be the centre of the earth, P any place on its surface 
and § the position of the Moon, or any other planet; then, 





as seen from P, the body would evidently be referred to the 
point S” in the heavens, which is its apparent place, while 
from C it would be referred to 8’, which is the true place, 
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The difference between these.two places, sr the angle CSP 
‘is denominated parallax, and it is obvious that the nearer the 
planet is to the earth, the greater would be the amount of 
this parallactic angle. — a 


Since PS: PC:: sin, PCS: sin. PSC, 


° 7 


P 
we have, sin. PSC == Ps: sin. PCS ; 


5 


But Ps is very nearly constant for the same heavenly 


body ; therefore, sin. PSC varies as sin. PCS, or ‘as the 
sine of the Zenith distance ; and because.in small ares, the 
sines vary asthe arcs. themselves, the angle PSC varies as 
sin. PCS, or which is the same thing, as the cosine of the al-* 
titude. Now, the cosine of an are is the greatest when the 
are is equal to 0, because then, the cosine is equal to the 
radius, or unity; hence the parallax is the greatest when the 
body is in the horizon, and at any other altitude itis equal to 


the hor. par. x cos. alt. 


51. Now to see what effect the Moon’s parallax has up- 
on the shadow of a rod intercepting its light, let us assume 
the measured shadow to be 10& Gi, ‘Then by article (1), 
108 6. , 4&2: 1 (radius) : 880952 tan, of 20° 51’ 16”, 
which is, therefore, the apparent altitude corresponding to 
the given shadow. Again, because the Moon’s horizontal 
parallax is 5771*, W@& have 5771 X cos. 20° 51’ 16% == 5771 
X ‘9345 == 53" 22" for the parallax in altitude at 20° 51” 16"; 
hence, (since parallax always depresses an object) 20° 51” 16" 
+ 53’ 22” = 21° 44’ 38" is the true altitude of the Moon, 


subject to a correction for refraction, The shadow, corres- 





<* The Moon's horizontal paraliax varies from 5¥ to 1° 1’, but for our pur- 
poses it will be sufficient to take its mean value, which is 5771. 
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ag er ae 4Teet 4 
ponding to this altitude being tan. 215 44 38% BOBS 5t 
= 10% 1029 == 106 0°3. , the correction to:be applied.to, the 
measured shadow on account of parallax, is — 5°7 inches. 








52. By proceeding in this manner for every six .inches 
of shadow, we derive the failowing, 

Taxes, showing the reduction to be made on the-measured 
shadow on account of the Moon’s Parallax. “ 
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53,. When the measured shadow is not found exactly in 
the above Table, the reduction corresponding to it -must be 
found by iuterpolation. Thus, the reduetion for 166 4i*- 
would be It in 8, and s6 on.* ° ao : 

54, Having thus corrected the shadow measured in moon- 
light, the interval between the time of oBservatioh. and ‘thé. 
Moon's meridian passage corfesponding thereto, may: be 
found from the first or second set* of Tables, by ‘the rules 





* When the Moon’s declination exceeds 24°, the numbers from Table II on 
IV, corresponding thereto, must be found by looking for the declination in the 
column of latitudes, and for the latitudes in the column of declinations, as ex- 
plained in art (61.) . 7 
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‘already given 5 bat i¢ is to be. carefuNly \notieéd that the 
days inser! ‘ted opposite to the declinations i in either of these 
“Tables apply to the Sun only, and that in determining “time 
by the Moon, or Stars, their. declinations.miust be invariably 
used.@ Thus,. 

: Examete. 

Let it-be required to find the -interval corresponding to, 
4° 10%. | the shadow measured in Moonlight at Madras on the 
25th. of January 1840. 

~ Correcting. the apparent: shadow for parallax, we: have 
46 101. — yi == 46 8}in- for the true shadow at the, time of 
‘observation, Thereforey turning to-flie table adapted to the 

given place, and looking opposite to 4¢ Bgin: save ind; ih cor- 
respondente to 14° 23’, (the Moon’s declination at the! time 
of observation,): the: quantity 2 47™, which consequently was 
the Moon’s distance in time, from the.meridian, when the 
shadow was measured...” & 

55. But the interval thus obtained will-not express ‘cor- 
rectly the timie that the Moon would take to reach the me- 
ridian ; for inconsequeénce of Her propét ” inotiot rotitid the 
earth in a direction contrary to her apparent course,’ the lat- 
ter is retarded daily. at an average vate of about 52 minutes, 
or hourly at the rate of about 2} minutes; so ‘that a -correes 
tion on account of. this Yetrograde movement nrust be. added 
to the computed interval to obtain the real- ‘time of ber reagh- 
ing the meridia. Fhe difference between the times of two 
successive transits of ‘the moon, ascertained from_an alma- 
nae, will give accurately the amount of the daily retardation, 
the proportional ‘part of which due to any distance from ‘the 
meridian’ may “then be ascertained from the accompanying 
Table, 


oy 
oe 
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ese Daily tetardation of the Moon’s passing the Meridian. 
oes ae “ee ‘ * 
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10:8 |L4:3 [11-9 [12-4 [12 9 413-5 [18-9 14-5 









































568. . We shall now proceed to exemplify the preceding 


remarks and observations. 
Exampce t, 

At Bellary, on the 5th. May 1841 about.9 o’clock in’ the 
evening, I measured the ‘shadow of.a fod of four feet in Moon- 
light, and found it to be-7 8. Required the time of the 
night. 

By referring to the Nautical Almariac for 1841, we obtain 
the following data. 


Moon’s meridian passage ‘at Bellary on the 


‘ 4th. of May 1841 11 Tm 
do. do. 5th. 2 doww..e 12, 0 
Consequently, the daily retardation... Paaeaiie rc 0 49 


Moon's declination at the approximate time 
of observatiOi cee eee euSvsensease. “B10 7297S; 
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And the time of Full-moon..........0... .the given day. 


Therefere, the computation stands as follows, 





Given shadow... Te Sin. 

Correction to the Moon’s centre... + 1 
Do. for parallax...... — 82 
7 58 


Interval from the Table for 15° N. latitude 
cotresponding to 7! 5™8 and i 
21° 22’ §S. declination............ » Bh Q5m 

Proportional part of the daily retardation cor- 
responding to the aboW@interval ++. 6:5 


True interval required... 3 815 
Moon’s meridian .passage..; 12 0 
Mean time required... 8 28-57. M. 





The results thus obtained do not require any correction on 
account of the equation of time, that correction being al- 
ready made in the meridian passages inserted in the Almanac. 

Examete 2. 


_ At Madras, the shadow measured being 5. 9'-,-required 
the time of the night, supposing the Moon’s culmination: to 
be at 15 6™-7; the daily retardation, 48 misutes ; the declina- 
tion at the time of observation, 15° 20’ N. ; and the number 
of days elapsed since Full-moon, three, . 


. Hence, thé number of days to the fourth quarter is four ; 
and the computation stands as follows, 


4 Given shadow... 5% Qin. 

' Correction to the Moon’s centre... + 06 
Do. 7 for parallax... — 1 

5 86 
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Quantity from the Tuble for 18° N. latitude an- : 
swering to 5&8!" -6 and 15° 20’N. decin, ® 3% 47-3 

Proportional part of the daily retardation cor- " 
responding to 3) 47™ |, ta fb 73 











True interval required... 3 54-6 
Moon’s meridian passage... 15 6-7 


Mean time required... 11 12-1 


When the time of observation is not very far from that of 
the Moon’s culinination, and it is necessary to repeat the 
observations at short ingervals as recommended'in article (19), 
it will be sufficient, A, ee the several intervals from: the 

™ meridian, to use that declination only which corresponds to 
the middle. of the observed times. 


‘57. The elements of declination and meridian passage 
made use of in the foregoing examples, and which are es- 
sential.to the solutions, were obtained from the Nautical Al- 
manac, The meridian passage, howevef, is inserted in the 
Almanacs published at this Presidency, but it’ is to be re- 
gretted that so important an element. as the declination of 
the Moon should be omitted from those publications, espe~ 
cially when one of.the quantities necessary for the determi- 
nation of its place is virtually-given, It appears to the au- 
thor that the declination calculated to the time of transitmay 
be conveniently inserted in one of the columnsat present ec- 
cupied by the times of the rising and _ setting of the Moon ; 
for as only one of these phenomena is of practical utility in- 
consequence of the other’s happening during the, presence 
of the Sun, it is evidgnt that the latter may be omitted, and 
that therefore, both phenomena may be incorporated and ex- 
hibited in the same column. © 
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58. Were the above suggestion adoptéd, and carried into 
effect in the future issues of the Madras Almanac, # would 
no doubt prove a great convenience ; but in the absence of 
this being done, it becomes necessary to provide within 
this Work, the means of determining the Moon's declination, 
to such a degree of accuracy atleast, as may be sufficient 


for the purposes of the accompanying Tables. 


59. The Moon’s declination, unlike that of the Sun, is 
dependant upon quantities that are very vatiable. The in- 
clination of its arbit to the ecliptic fluctuates between 5° 
and 5° 18’, while the nodes themselves retrograde (or travel 
ina direction contrary to the order of the twelve signs) at the 
rate of 19° 19”7 annually. Inconsequence of the disturbing 
forces of the Sun, Earth, and the other Planets, but especially 
of the first two, even the latter quantity is not constant, 
and in fact, every element of the Moon’s orbit is subject 
to a perpetual variation. 


G0. Tn the three Tables which follow, and from whieh it 
is intended to find the Moon’s declination, the obliquity of 
the Lunar orbit, has been supposed to be constant, and equal 
to 5° 9; and the regression of the nodes equable. It will 
be seen, therefore, that a great many equations depending 
upon solar perturbation, have been omitted, and that the de- 
clinations given by the Tables cannot inconsequence be pre- 
cise. The greatest error, however, does not exceed 10 or 
11 minutes, and this happens only when the Moon is in sy- 
zygies or quairatures. 


61, Assuming the equable regression af the nodes, Ta- 
ble 1. exhibits in’ time for the first day of every month of 
the years from 1845 to 1860, the distance between the first 
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point of Aries, find the intersecfion of the Moen’s orbit with 
the equator ; the arc being determined by the sotution of a 
spherical triangle in which two angles and the included side 
are given, or, by taking the difference of the two ares, whosé 
tangents are 
cos. $ (w-—») I sin. 3 (w—?) 
conf Go Foy am # Pend Say (wo +0) 
where J denotes the longitude of the Moon’s ascending node, 
p= 5° 9’, and w= 28° 28’, the obliquity of the ecliptic to 
the equator. 5 ' 

62. Table 2, exhibits the angle of this, intersection, 
varying from 18° 19% to 28° 37’, and may be calculated, with 
the aid of the results embodied in Table 1, by the expression 





-tan. 4 Lrespectively; 


© 


sin J. sin. 0 


sin. 7 





sin. I= 


where I represents the inclination sought, andr the results 
of Table 1: or, independently of those results, by the formula, 


cos. [==cos. /. sin. v. sin. @ — COS. 0 COS. %- 


which is well adapted for the computation of Tables, by the 
expressions sin.ev. sin. w, and cos. v. cos, w being invariable. 

63. Table 3, shows generally the declinations correspohd- 
ing to-any given right ascension and obliquity, and has been 
calculated by the formula . 

tan, decn.= tan. obly. x sin. rt. asen. 5 

but, as in the case of the Moon, the intersection of its orbit 
with the equator does not coincide with the first point of 
Aries, it is evidertt that the Right ascensiong registered in the 
Table are equal to the real Right ascensions of the Moon, in- 
éretised or dimihished by the quantities in Table 1. ® 
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64. Hence, before we can find the Moen’s declination at 
any given time by these Tables, it is necessary first to de- 
termine its right ascension, This may be done by taking the 
Sun’s right ascension on the given day, applying to it the 
equation of time) with a contrary sign, and adding to the 
result the Moon’s méridian passage converted into sidereal 
time by the addition of one minute for every six hours.‘?) 
The sum (deducting 24 hours if necessary,) will be the Moon's 

~ yight ascension at the time of transit, and will therefore re- 
quire to be corrected by the addition or subtraction of a pro- 
portional part of the daily retardation) according as the 
given time is subsequent or antecedent to that phenomenon, 


65. The Moon’s right ascension being thus obtained, ' 
the declination corresponding to it may be ascertained as 
follows. To the former quantity apply the number from 
Table 1, answering to the given day and year. The result 
will be the Moon’s modified right ascension, or that reckon- 
ed from the ascending node. Also, from Table 2. determine 
the obliquity of the Liar orbit to the equator. Then look 
for the modified right ascension (diminished by 12 hours if 
necessary) in the first or dast vertical column of Table 3, and 
for the obliquity at the top, and take out *the declination 
sought ; which willbe north, if the modified right ascension 
be less, but south if it be greater, than 12 hours. 





(1) Properly speaking, the equation should be reduced to sidereal time before 
being applied. The-sum or difference will be the sidereal time at mean noon ; 
and may aiso be found by the tables given in article (73). 


(2) A sidereal day being equal in length to 23h, 56m. 45°09 of mean time 
24 hours of the latter are equal to 24b. 3m, 56s°55 of the former ; consequent ~ 
ly G hours of mean time are equal tg 6h. Om. 59°14 of sidereal time. Hence 
the reason of the rulg, 4 


(3) Strictly, the daily increase of right ascensien. 
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Yasir l. Showing the correction to be applicd to the Moon's Right 
ascension to obtain the first argument of Table 3. 
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TABLE 2. 


Showing the obliquity of the Moon’s orbit to the Equator, which forms 
the second argunei® of ‘Table 3, 
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Showing the Declination of tRe Moon corresponding to any given 
Right ascension, and obliquity of its orbit. 























BE 

Obliquity of the Moon’s orbit to the Equator. ga2 

Z. Ze6 

7 ry “Os 

902 lare jaz? |age lose ja5¢ |262 |272 jase |20° 12 BE 

1 | 283 

° o rfe rio ria slo slo slo rfo vio elo sihm 

0 0 00 do oo HO Glo DO OO OO HO O12 oO 

49} 0 5110 34] 0 57] 1 tht 4) 1 7] 1 10] 1 23) 1 16) 1 2011 23/11 50 

29] 1 37] 1 43} 1 49} 155) 2 112 7] 2 19] 2 20] 2 26) 2 32] 2 39] 2 49) 40 
30 | 2 26 2 31) 2 43) 2 52] 3 1] 3 10] 3 26] 3 291 3 39) 3 48, 3 584 8] 30 
40} 3 14 3 26 3 37,3 4014 11 4 13) 4 25] 4 88) 4 50] 5 3) 5 17/5 SH 20 
0 5044 1| 4 26] 4 80] 4 45; 5 0] 5 15] 5 30] 5 46) 6 2) G 18 6 34) 6 50] 10 
1 0! 44s} 5 6| 5 23] 5 40] 5 58| 6 16) G 34] 6 53] 7 12 7 31| 7 50] 8 10/11 0 
10] 5 35] 5 55! G6 15! 6 35} 6 55) 7 16| 7 37| 7 59| 8 20P 8 43/9 5! 9 28110 50 
20] 6 20, 6 43] 7 6] 7 29] 7 52! 8 16) 8 Jo] 9 4) 9 28) 9 5BI10 I8/10 44) 40 
30| 7 517 80] 7 56) 8 21! 8 47| 9 1a] 9 40110 7:10 3411 211 3011 59] 30 
40 | 7 49) 8 16 8 45] 9 13] 9 4110 loo yl 911 39/12 9112 4013 11) 20 

1 50] 8 32) 9 219 3210 30 3411 afl] 3z7]12 9/k2 42/13 L4l13 48]14 21} 10 
2 O19 14] 9 4G]L0 19/10 53]11 2511 5o]2 38/13 8/213 42l14 1814 53/15 3010 0 
10] 9 54/10 29]11 4/11 39/12 15,12 54/13 27/14 4]14 4115 1915 57116 35] 9 50 
20 {10 B3IIL 10/11 4812 25/1 BlL3 4114 2lld 5915 38/16 1816 5817 38) 40 
30 [11 1111 5012 30113 913 49)14 29/15 1015 51/26 32/17 14j17 56]18 39) 30 
40 |11 48/12 2913 10/13 5214 3415 1615-58]16 41/17 24/18 8]18 52/19 37] 20 
32] 10 

2419 0 

8 50 

40 

30 

20 

10 

8 0 

7 30 

40 

30 

20 






5/26 58/27 52 10 











4+ 50 

30 27 11,28 101 7 0 
10 107 26198 25) 6 50 
29 9127 3828 38] 40 


30 





27 48128 48] 30 
527 55128. 54, 20 
5927 59128 59) 10 
026 027 O28 O29 06 0 











er AD oo to me 























46 CONSTRUCTION AND USE 


: Examece I. 
Required the declination of the Moon at 2 o'clock A.M. 
on the 28th of May 1845, at Madras. 
The given time being, in astronomical reckoning, the 
14th. hour of the 27th. of May, we have the following com- 
putation. 


Sun's right ascension on the 27th. of May 








from the almanac... ..........:0eeeeeeeeeeeee 4 16" 
Equation of time on do. with a contrary sign. + 3 
Sidereal time at mean noon... « 4°19 
Moon’s meridian passage on the 27th., viz. 

17 58™ converted-to sidereal time...... 17 55 

%~--——_—. 


.. Moon’s tight ascen. when on the meridian. 22 14 * 
The retardation on the 27th. being 51™, the 
proportional part of itdue to 3% 52", 
the interval betwee the given hour 
and the moon’s transit, i8.............0066 78 
.*.'Moon’s right ascension at the given hour. 22 62 
Number from able 1.... + 406 








Modified Right ascension... 22 $38 





The quantity ‘from Table 3, answering to this right ascen- 
sion (diminished by 12 hours) and 20° 55’ the obliquity on, 
the given day, is 6°12’, which is, consequently, the required 
" .declination ; and it is south, since the modified right ascen- 
sion is greater than 12 hours. 


EXAMPLE 2. 


Required the Moon’s declination at Sedashegur in longi- 
tude 74° 13’ E. on the 16th. of Marth 1845, at 9 o'clock Pp. M. 
Since the Moon passes the Meridian of Madras on the 
_given day at 6" 27™, and the difference of longitude betiveene 
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Sedashegur and Madras is 80° 15’ — 74® 19’ == 6° 2’, or 3 


; + 48” (the dail , 
ofan hour in time nearly, we have ithe Sally secant 





2 ==4 ofa minute, for the difference between the times 
of transit at Madras and Sedashegur : hence, the moon ceul- 
minates at the latter place at 6" 27™ + 4" == 6" 27™ 4, 
Therefore, we have the following computation. 


Sidereal time at mean noon on the 16th. of 


March, from the Tables in article (73)... 23" 35" 
Moon’s meridian passage at Sedashegur con- ‘ 

verted to sidereal time..........-:.00s1s00 6 29 
.. Moon’s right ascension at transit......... 6 4 
Proportionaf part of the daily retardation 

due to 2° S2™ .....g eee ae Seeneeet wt 


. pwurne seen’ 


« Moon's right ascension at the given hour... 6 
; Number from Table 1... + 4 





Modified right ascension... 6 58 
al 


“The obliquity on the given day being 21° 14’, the decli- 
nation yequired is found from Table 3, to be 20° 37’ N. 


6G. An allowance for difference of longitude has been 
made in the preceding example in reducing the transit of 
"the Moon as registered in the almanac, from the meridian of 
Madras to that of Sedashegur. This correction was obvious- 
ly necessary as its omission would have produced an error of 
nearly one minute of time in the result; but it is at the 
same time to be borne in mind-that the example we have se- 
Jected is an extreme case, and that for places situated in other 
parts of the Presidency,-the reduction would hardly have 
been called for. ‘When any instance of this kind presents 
sitself, it will rest with the observer to determine whether al. 
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lowances for differerce of longitude need be entertained in 
his calculations with reference to the degree of accuracy he 
may expect from the final results. _ 

67. Bearing in mind the observations made with refer- 
ence to the Sun in article (89), we may, by a process analo- 
gous to that described in it, find the times of the rising and 
setting of the Moon on any given day. 


EXAMPLe. 


Required the time when the Moon rose and set at Ma- 
dras on the Ist. June 1845, on which day her wansit was at 
21. 46™, and daily retardation 47™ 3, 

By proceeding as in Example 1 or 2 of article (65), we 
find that the Moon’s right ascension when on the meridian 
was 2" 28m, “Consequently, her declination ascertained from 
‘Table 3, is 16° 2’ N. The number from TaBue IV. of the 
General Tables answering to this declination, and 13° 5’ 
latitude, is 667, the semi-diurnal are corresponding to 
which from Tasus V. is 6"15™. Since the Moon's re- 
tardation was 47™1, the change of right ascension due to 
6" T5™is by article (55) 12™-0 Hence the Moon's right 
ascension when rising, was 2% 28u — 12m — 9h ]g@m 3 and 
when setting, 2" 28m 4+ 12m — 9h 409m, The declinations_ 
answering to these right ascensions being 15° 19’ N. and (6° 
43’ N, the semi-diurnal ares at the times of rising and set- 
ting are 6% 14™ 2 and 6» 16m respectively. Consequently, 
215 46™ — (6" 143 + 12") — 15% 19™2 was the time of the 
Moon’s rising, and 216 46™ + (> 16m 4 12”) = 4 ]4™ of 
the 2nd. of June was the time of setting required. 

68. But, as observed with regard to the surin art, (40), 
the times of rising and setting thus obtained, are the times 
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when the Moon is really in the eastern and western horizon, 
and not the times of her appearance and disappearance ; 
which phenomena, inconsequence of her parallax exceeding 
the amowft of refraction by about 24’, take place when she 
is so much above the horizon. The two semi-diurnal ares, 
therefore, must be reduced by the time required to pass 
through this are (which is about one minute and a half), be- 
fore being applied to the meridian passage ; or, which is the 
same thing, the times of rising and setting computed as in 
the foregoing example, should be increased and diminishrd 
respectively by that quantity, to obtain the times of the 
Moon’s actual appearance and disappearance. 


69. Thus, with the exception of the meridian passage,’ 
we have provided every thing necessary for the determination 
of time by means of observations of the shadow made“in 
Moon-light. In the case of the fixed stars, upon the con- 
sideration of which we now propose to enter, their transits 
may be easily predicted, and the only operation involving 
any difficulty is that of finding their altitudes. 

70. Ag the time denoting the transit of a Star is reckon- 
ed from mean noon, and represents the period elapsed since 
the occurrence of that phenomenon, it is obvjous, that if it be 
converted into sidereal time, it would be equal to the differ- 
ence between the right ascension of the Star (increased by 
24 , if necessary,) and the right ascension of the meridian 
at mean noon. Hence, since the first term is very nearly a 
constant quantity, the determination of the sought transit 
rests exclusively on a knowledge of the right ascension of 
the meridian, or as it is geperally called, sidereal time at 
mean noon, 


71. The motion of the earth round its axis being perfect- 
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ly uniform, and equal at all times of the year, any terrestrial 
meridian revolves from a Star to the Star agam in the same 
quantity of time, viz. 23" 56" 4° ‘09 ; while its mean revo- 
lation from the Sun to the Sun again is performed in &4 hours. 
Hence, a sidereal day falls short of a mean solar day by 
8” 55s -91 of the latter reckoning, or 3" 56° ‘55* of the 
former, Consequently, if the sidereal time at mean noon of 
Jan. 1, of any year be known, the sidercal time at mean noon 
of any other day may be found by multiplying 3™ 56* +55 by 
the number of days elapsed since Jan. 1, and adding the pro- 


duct to the given time. 


72, The first of the following Tables, accordingly, repre- 
sents to the nearest tenth of a minute in the longitude of 
Madras, the sidereal time at mean noon of Jan. 1. of the 
years from 1845 to 1860, calculated by the formula, 


S == 18> 42m 4] -44.+ £, 1° 84038 + ¢2 0° 000008 — 
f. 59 -189 + Equation of the equinoxes ; 


where S denotes the sidereal time required, ¢ the given 
year reckoned from 1800, and f forthe 19th. Century, the 
number of years from the preceding leap year. Vide, Pre- 
face to the Nautical Almanac. 


73. The second Table exhibits with like precision the 
multiples of 3756s -55 corresponding to any given day and 
month; so that the sidereal time at mean noon for that day 
is found by simply adding the quantity inserted in it, to 
the quantity from the first Table answering to the given 
year, and rejecting 24" from the sum when it exceeds one 
sidereal day. 





* This quantity is styled in astronomical language, the daily acceleration 
of sidereal on mean time, 


51 


OF THE TABLER. 













































<a 
Loger — josger] — |t-$9 ¢il619 et 18 

a19 jaecizlog YpceziZ-0¢ |6e2b |2-6F LIb-LF GOT geuacte dos cceuate 
aly lest [Lor |repr |eor |ore |2.c% 6. | ea 
eer [09h 8b [orb leap ILop Ja-tF 8G yor Ayauend oxy “daens 
€68 |l-1lb /8-8¢ 9-0F [88 jL-9F 8-LE 12 “9g JO "YIRZ ay3.09 ueN 
¥-OG IELE 16-68 9-98 |F-FE |1B-8E 6-8E 9% -osqne aq dep vests ayy 
PIS [22 16-08 1428 [hos |z8z 0.08 gg fA srk deol us aN 

41% |e-6s jose JL82 i¢-9% jee loos ¥ 

9-82 (€-62 [Lec |s-bz2 |ozz |eoz [Lz & 

9-€L jets jer js-oc lost |por |181 rad 

st fect ieor foor labe {920 deer 1% 81 

TIL [eet |@tr joer |4or |¢s8 4201 0% 81 (6981 

a. [c6 les foe eo [> Ie 61 st seat 

BE L409 [SE BLIT-S [8-2 o190 etfee 11}t- gt SE L881 

6-69 ZB'O- TZ/h-69 SIIT+T L1/6-86 PLIL-99 B14 F-8¢ O1|c ra St jest 

0.99 |L2908|¢-09 [oL991 5-49 ot at jesse 

Oe less s-1¢  |e-e9 6.09 gt 8 rest 

16h [86h [1b 18-6F 9-9F #1 a past 

Lb 6-ch |9ep | ¥-9F 9b &1 a 1881 

B06 [elt [Lee ]F1b L&E at st joest 

B98 (O88 [2-8 |e BFE IL si lerst 

228 (Ob€ (8.18 GEE 8-08 Or SL |8¥8l 

F-8 |L-08 [6-22 19-66 6-93 6 RI [2680 

¥s |L-9% |e-ez  |9-9z 6-23 8 “SL [FST 

9.0% [686 00% 2-12 0-61 L sf jossr 

TOL (e8t [OL |8ct 0-81 9 7 

pat ae Lar ey LiL ¢ ease jel? 

: : 8 : BL tb OFT iBIt | + 

ay po lee [es i. ae oor siz 9fo tlror loz | ¢ J [icon an spmen 
8-0 Ges Oe-0 8I]0-% gils-69 er\¢-29 L1feece {Eze Lig-8¢ s{9-9¢ eleg lee z adhd Bei 
8-99 12/2-86 G1/8-99 21 }0-8e ot\g-c9 gil9-e¢ tI] e-sc6 Les Lig-g cloze giz-z 0-0 0}; 1 ‘T 

avy vy lus ty foe vy yee cy lwe cy fou cy [ue sy) ous oy) owe yl -y 

soa | “aon | 99Q | adag | “Bay | Ang | oung | Avpy | pady | -sepy | -qaz 























‘TI 


‘ep uaats Lue jo voon uve 3@ aut yeosopig ay BSulunuraiap soz salquy, 


52 CONSTRUCTION AND UBE 


a Exampte |. 
Required the Sidereal time at mean noon of May 27th. 1845. 


hom, 
Quantity from the Ist. tableans.€ to 1845 18 43-1 
do. from the second table answering 


to the 27th. of May. ............... 9 356 - 





Sidereal time required...’ 4 187 





Exampte 2. : 


Required the sidereal time at mean noon of March 16th. 1845. 





h. m. 
Quantity from the first Table. £18 43-1 
do, from the second do. ... ‘ 4 518 





Sidereal time required... 23 34-9 





Examrze 3. 


What will be the sidereal time at mean noon of May 26th. 1848, 
Since the given year is a leap year, and the given day is 


subsequent to February 28th., we have, Mo 
Quantity from the first table....-......00.. 18 40:2 
do. from the second do. answering 
to the 27th, of May...... 9 «35-6 





Sidereal time required... 4 15:8 





Examp.e 4. 


Required the transit of Regulus, or a Leonis on the 27th. 
of May 1845, its right ascension being 10 0™-1. 
Sidereal time at mean noon of the given day 4. m. 


as determined in example 1............... 
Right ascension of the given star... 








Sidereal interval between Mean noon ané 
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which, being converted into mean time," gives 5° 40"°5 P.M. 
for the time’ of transit required. Z 

74. [tis to be carefully observed that the sidereal time 
at mean noon is the quantity to be always subtracted from 
the Star’s right ascension, the latter being inereased by 24 , 
when it is less than the former. Thus, in the preceding ex- 
ample, had the sidereal time been 10" 0™+] and the Star’s 
right ascension 4" 18™°7, the sidereal interval would have 
been 18 18" -G instead of 5" 41™ +4, 

75. The right ascension of « Leonis adduced in the pre- 
ceding example has been obtained from the Nautical Al- 
inanac, but as this Ephemeris may not be accessible to all_ 
persons, we shall for the convenience of our readers, subjoin 
a list of such of the principal fixed Stars, as, with reference 
to their declinations, fall within the limits of the accompa- 
nying Tables. 

Mean places of 57 principal fixed Stars for Jan, 1. 1848. 


































. . Right Annual rare Annual 
Stare name: 2 ascensioh: Variation Declination. |v sriation| 

* hm. m. is 

@ Andromedse (Alpherat) | 1 0 0-5 | + 0°05 | N. 28 
¥ Vogasi (digenib)......,2°3 | 0 5+ 05 | N. 14 
B Ceti oe 23 0 360 05 |S. 18 
8! Coti . 43 1 i6-+ 05 TS. 9 
Arirtis 3 1 586 06 | N, 22 

vy ett o 3 2 854 05 |N. 2 
a Ceti (Menkar 23 2 643 05 | N. 3 
n Vauri(Pleides). 3 3 3884 06 | N. 23 
vy? Eridani.. 23 3 509 05 | S..13 
a Tanti (Aldebaran, 1 4 272 06 | N.16 
B Orionis (Rige!) 1 | 6 72 05 1S. 8 
8 Vauri nee | 2 5 167 06 | N. 28 
vy Orionis (Belletriz) . 2) 5 17) 05 |N. 6 
6 Orionis ane +f 2 5 42] + 05/58. 0 

















- 

® Since a sideregl day is equal to 23h. 56m. 48°09 of a mean solar day 6h. 
of the farmer are equal to 5h. 59m. 1802 of the latter. Hence, sidereal time 
may 'e converted into mean time by deducting at the rate of 59s. or near- 
ly one minute, for every six hours. 
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Mean places of 57 principal fixed Stars for Jan. 1, 1848. 


Righte | Annual | peoination | Azmet 


Star's name. 5 oe 
2 Soak onary ascension. |Variation Variation 


Mag. 





m. m. 
46:8 | + 005 
13°7 06 
384 04 
249 06 
31s 05 
37-0 06 

Uk “O04 
38°7 05 
20°1 05 
37-2 06 

O38 05 
116 06 

60 05 
413 05 
264 05, 
546 05 

05 
05 
05 


ExY 0 


1a Orfonia ( Betelgeuz ) 

|# Geminorum 

fa Cen. Maj. (Sirius) 

a® Geminorum (Castor). 
a Can, Min. (Procyor) . 
& Geminorum (Polluz). . Je 


a 


« Hydre.. 2 
a Hydree (Cor. Hydra). 


DOOBOINIAR A> 


Leonis ‘(Dened). : 
B Corvi teeseceres 
«¢ Virginis (Vindemiatriz). 
@ Virginis (Spica) .. 

n Bootis .....-. wee 
a Bootis (Arcturus) , 

¢ Bootis (Mirac)...... . 
B Libre... ve eens 

a Cor. Bor. (A'pheta) 
a Serpentis 

B* Scorpii 

8 Ophiuchi. 

@ Scorpii (datares)...... 
a Herculis (Ras Algeth | 
@ Ophiuchi (iar dihaguc). 
a) Sagittarii 


pees 
PRLZAYLAZLAZAAADTAANASALA 


Sole Pou soN Abo acas 


cy 


7 


ae 





i) 


qui 
a Aquile (Altair ) 
a? Capricorni 


. 
oe 
3SS~-00S8T a 


GanutoveatuPdantee 





oo 





2ORMAwAnrRannaraannnrnn 


he et ca co 
= 90 


a Peteelalia(Fomalhcnt) 
@ Pegasi-(Markab) .... 








46. Although the declinations of some. of the Stars in-. 
serted in the above list, exceed 24°, (the limit to which the 
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General Tables Nos. If. and IV. are catried), yet it is to be 
remarked thit they are not on this account without the limits 
of those Tables ; for the formula in art. (31) being symme- 
trical with regard to the quantities Z and D, it is obvious 
that either of them may be substituted for the other without 
altering the nature of the expression ; so that when we have 
a declination greater than 24° to deal with, we have merely 
to look for it in the column of latitudes; and for the Iati- 
tude, inthe column of declinations; and then to find out 
the number sought in the usual manner. 


77. The altitude of the Stars which is the only element 
now remaining to be determined, may be easily ascertained. 
by means of a quadrant, sextant, or any other instrument 
for measuring vertical angles ; and then by calculating the 
shadow corresponding to that altitude, the time required 
may be evolved by a process similar to that employed in the 
case of the Sun and Moon. But as the use of such expen- 
sive instruments would not accord with our purpose, we 
must have recourse to some other expedient for. ascertaining: - 
the shadow. . 

78. Ifa plane reflecting medium were interposed hori- 
zontally between the eye and a Star, and the eye be moved’ 
backwards and forwards until the image of the Star appear 

“in it, the height of the eye above the plane of the reflecting 
surface, would evidently be the co-tangent of the angle of.’ 
reflection to a radius equal to the distance of the eye from 
the point of incidence: but the angle of reflection is, by a 
well-known optical law, equal to the angle of incidence, 
which, in the case of a Star, represents the zenith distance~ 
of that luminafy. Hence, the co-tangent of the zenith dis- 
tance, or the tangent of the altitude, is equal to the height 
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of the eye divided by, the aforesaid distance, and consequent- 
ly when the height of the eye is four feet, its diStance trom 
the cathetus, or perpendicular “at the point of ineiderice 
would, by. art. (1) represent the length of the shadow of a 
rod of the same height intercepting the rays emitted from 
the Star. 


79. To find the shadow corresponding to the altitude of 
any Star, therefore, place a wirror or looking glass on the 
ground, in a horizontal position’) between yourself and the 
star; and with the eye resting on the top of a,rod of four 
feet, or viewing through a sight placed there, retire back- 

wards, until the image of the Star becomes visible in the 
mirror; at which instant, observe the position of the radiant 
point, and measure the distance between it and the foot of 
the rod, for the shadow required.) 

80. The above rule, if strictly attended to, will furnish 
the required shadow with great accuracy, but in the practical 
application of it there are circumstances which detract from 
its usefulness, The levelling of the mirror is an operation 
involving delay and difficulty ; the contraction of theefield of 
view as the eye retires from the reflecting surface, renders it 
extremely difficult,to identify any particular star ; and the 
distance from it at the time of observation .nakes it almost” 
impossible to note correctly the position of the radiant point, 
For these reasons, the following rule seems to possess great- 
er advantages, D bedog ) 


81. Fix the rod perpendicularly :on a level piece of 





(1) The horizontality of the glass may be tested by holding a plumb-line 
over its surface and seeing whether the reflected image of it appears in the 
same straight line with the direct one. ¢ 

(2) . If the mirror be elevated above the ground on a frame, the lower end 
of the rod must be raised to the same level. 
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ground, by attaching it to seme support,” as. the frame of a 
chair &c. 5 then, retiring backwards in a straight line with 
the rod and the star, place the mirror on the ground in such 
a position that the reflected images of the Star and the top 
of the rod may seem to coincide. Note the point of the sur- 
face in which the coincidence appears to take place,* and 
measure the distance between it and the foot of the rod for 
the shadow required. 


82. In the above method, as the point of incidence only 
of the rays issving from the Star and touching the top of the 
rod, is observed, and the course of the emergent rays is to- 
tally disregarded, it is obvious, that whatever be the incli- 
nation of the mirror to the horizon, it can have no effect up- 
on the distance of the point of coincidence from the rod, pro- 
vided both of these be on the same level; a circumstance 
which is essential to the operation, by the very hypothesis of 
article (78). 


83. Having thus obtained the shadow corresponding to 
the altitude of any Star, the interval between the time of ob- 
servation and that of transit, may be ascertained from the 
Tables in the usual manner, (see article 54)) but the interval 
must be diminished on account of the acceleration of side- 
real time, before being applied to the computed mean 
time of transit. 


84. The following examples, which are a faithful tran- 
script of the observations made by the author, will elucidate 





* Care is requisite in determining this point acourately, for the slightest 
motion in the eye of the observer will cause 2 corresponding change in ita 
position on the sutlace of the glass. 
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the preceding rules! 
ExaMpPrr 1. 


At Bellary, on the 13th of June 1845, the following ob- 


seryations were made, 


om. 
Moon-Shadow 2° 4é". Time by watch 7 484 P.M. 
a Scorpii..... G& 53in. do. 756 (Cs, 
B Leonis...... 2% Lim do. 8 3 , 


Required the error of the watch by each of the above ob- 
servations. 

By tHE Moon, 

From the Almanac it appears that the Moon’s meridian 
passage on the given day was 6" 15™, her retardation being 
46™, Also, as she was in the meridian about the time of sun- 
set, she must have been in her first quarter. 





Am. 
From Table 1. art. (78) we get for 1845...... 18 43-1 
do. 2, for 18th. June... eee 10 42:6 
+, Sidereal time at mean noon... ...  ...... ‘5 25-7 
Moon's meridian passage in sidereal time...., 6 16-0 
Moon’s right ascension at transit... ... ... 11 41°7 
Proportional part of retardation... 0... + 28 
Moon’s right ascension at the-given hour... 11 44:5 
Number from table 1 art. (65)... 0.0 0. 47-2 
Modified right ascension.... 10.0 62.0 wees 12 31:7 


The obliquity on-the given day ascertained from Table 2. 
of art. (65), being 20° 51’, we obtain from Table 3. of the 
same article, 8° S. for the Moon’s declination at the time 
of observation, 
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f 
Again, measured shadow... ... dob eee A RE Al 
Correction for parallax... 6.001. oe ee 05 
True shadow... .... etalk shee aan SOO: 
Interval from the Table. for 15° N. latitude aes 
answering to 2& 3i"-5, and 8°. Dec... 1 36 
Proportional part of retardation..... .... ... + 28 
‘Tre tateival 4 aie sia oda ss Je ee 38-8 
Moon’s meridian passage... ... vow ce §=6 150 
Mean time of observation... 00.0 62.0 eee 7 538 
Time by watoh... 00.0 62. cee eee settee 7 48-5 
Watch slow... ce. cee cee ee cee tenes 0 53 
— 
By true Stars. 
a Scorpii gp Leonis 
h hom, 
Sidereal time at mean noon... 5 a5: : ae 5 25:7 
Rightascension... ... 0... 16 20°0....... 11 41-2 
Sidereal interval to transit... 10 54°3....... 6 155 
Mean time of transit............ 10 52°5....... 6 145 
Intervals cortesponding to 
declination and shadow re- 
duced by amount of ac- 
celeration... 0.00.08 .. 2 503.08. 1 53-7 
Mean time of observation tg 8 22 iss 8 82 
Time by watch... 0. 7 560.0... 8 30 
Watch slow... ... 0 2. 8. 0) GDL. 0 52 





The results afforded by the Moon and f Leonis agree 
very nearly, and are more trust-worthy than that given by 
« Scorpii, which being a very southern star, his motion in 
altitude is slow, and consequently a trifling error in the mea- 
surement of the shadow would have a sensible effect upon 
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the corresponding issue of the calculation. When practica- 
ble, it is always more advantageous to select a star whose mo- 
tion is as near as possible vertical at the time of observation, 
than another whose course is more inclined. 
Exampxe 2. 
At Bellary, on the 27th. June 1845, the following stars 


were observed. 


fe im, hm 
a Leonis...... Shadow... 8 3 Time by watch...8 8 
p Leonis...... do ... 8 4t do. 8°12 
é Ophiuchi... do. ... 2 2 do. 8 205 
a Ophiuchi... do ... 3 5 do. « 8 26 
Required the error of the watch by each of the above ob- 
"servations. 
h, m. 
From table 1, art. (73) for 1845, we have. ..... 18 43-1 
do, 2, for 27th, June......... 11 378 
. Sidereal time at mean noon... ... 1.4... 6 20°9 


Hence, we have by : 
Leoni: Leonis § Ophinchi hinchi 
Peek. feet ee Dee 
12° 43” 15° 26’ 8° 16" 12° 4 
boom komme om 
Sid. time at M. noon.... 6 209 6 209 6 209.6 20-9 
Star’s R.A... 24... 10 0:2 11 41:2 16 6-2 17 27-8 





Sidereal intervals, .... 3 393 5 208 945311 69 





M. time of transit. .... 3 38-7 5 194°9 43-7 11 54 
Intervals to, deelination, 7 

shadow, and latitude 

corrected for aceelera- 








tion... 4245 2445 1275 2 43-0 
M. time of observation. 8 3:2 8 39 8 162 8 22-1 
Time by watch...... ..:. 8 86 8120 8 20:5 8 26-0 
Watch fast... iu... 0 48 0 81 0°43 0 89 

——_ ee 





The results clearly show that some error must have been’ 


OF THE TABLES. 61 


committed in determining the shadows corresponding to 
8 Leonis. , Therefore, rejecting the observation of this star, 
and taking the mean of the three others, we get 4™ nearly, 
as the quantity by which the watch was too fast. 
ExaMPie 3. 
At Madras, on Nov. 9, 1847, the following observations 


were made. 


fom hom 
“Aldebaran—shadow... 2 6:4 Time by watch 11 La.m. 
Rigel......... do. ... 4 1:3 do. 1 15 


Required the error of the watch. 
Aldebaran Rigel 











Sid. time at mean noon on the given *  ™ om 
day......... 15113 15 113 
Star's right ascension... ... .. « 4271 5 72 
Sidereal intervals... ... 0... .. 18 15:8 13 559 
Mean tie of transit... Sate 13 136 13 53-6 
Intervals to shadow, latitude, and decli- 
nation reduced by acceleration... ... 2129 2 42-4 








Mean time of observation... .... «.. LL OF 11112 
Time by Watch... 0. 6 eee 11 10 1 1b5 








Watch fast... 0.000 ue ue ee ee OL 038 =O 08 








The results given by the two stars agree exactly. This 
circumstance must be attributed to the care with which the 
shadow was determined, for in order to note correctly the 
position of the point where the Ster and the top of the rod 
appeared together, a line was drawn across the silvered sur; 
face of the glass, and during the observation, the mirror was 
moved about till the above point appeared on the line. 
Then, the required distance was accurately measured by 
nicans of a three-feet rule graduated to tenths of an inch, 
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85. The aboveemethod of finding the shadow correspond- 
ing to the altitude of the stars may, it is obvious, be employ- 
ed with advantage in determining that of the Moon, when 
from the obscuration of the sky, or from the circumstance 
of her being near her conjunction, her light is not bright 
enough to cause a perceptible shadow. In such a case it will 
be best to observe her perfect limb, and correct for the cen- 
tre by the addition or subtraction of the quantities ..in 
art. (14), according as that limb forms the upper or lowér one. 


86. It only remains for us to show how the times of the 
rising and setting of a star may be determined from the ac- 
companying tables. The method of procedure is as follows. 
Take out from Table IV. of the General Tables, the number 
corresponding to the latitude of the place, and the declination 
of the star, and from Table V. the semi-diurnal are answer- 
ing thereto, which being corrected for acceleration, must be 
subtracted from the mean time of transit to obtain the time 
of the star’s rising, and added to it, to obtain that of setting. 
The results being then corrected for refraction as in the case of 
the Sun (art. 40) will give the times of the Star’s actual ap- 
pearance and disappearance. 


Exampve 1, 


Find the times of the rising and setting’ of Aldebaran at 
Madras on the 11th. of November 1847. 


hom. 
Table 1, art. (73) for 1847... ee ee ee = 18 41-2 
do. 2, for llth. Nov... 0... 0. 0... 20 88-0 
Sidereal time at mean noon... ... ...  ... 15 19-2 
Star’s right ascension... 0.0. 2. .. «4 27-1 





Sidereal interval... 0.0000. ee 18D 
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Mean time of transit... HO, Cdvte eee’ A WSS Be 
Number from Table IV. corresponding to 
13° 5’ lat. and 16° 12’ dec. being 675, the 
semi-diurnal arc is 6% 15™-5, which being 
corrected for acceleration and_ refraction 








gives for the true semi-diurnal are... ... 6 16-7 
Hence the time of risingis... 0.0...  .. 6 49°0 P.M. 
And that of setting... 20.0 6. ee ee .. 19 22-4 or 

* 7 22m°4 a. M. of Nov. 12th, 


Exampce 2 


Required the times of the rising and setting of Sirius at 
Rajahmundry on 12th, Nov. 1847. 


hm. 
Table 1, art. 73, for 1847... «0.00 2... 18 41:2 
do. 2, for 12th. November:.. ...0 ... 4. 20 41:9 


Sidereal time at mean noon... ... ... 2. 15) QB 








Star’s right ascension... 6.4.00 6. ee ae GB BBA 
Sidereal interval... 0.0. see wee ee 1S 15S 
Mean time of transit... tae Gees bene et 1S 28 


Number from table IV, corresponding to 
17° Lat. and 16° 30’ Dec. being 906, the 
semi-diurnal are is (since the dec. is 8.) 
5® 39™°2 which being corrected for accele- 
vation and refractionis... ... 0 .. .. 5 405 





Hence, the starrisesat... 4.. 0... .. .. 9 323e.M. 


And sets at... i onc Geet vee eee ee 20 533 or 
8 53™°3 a. Mm. of 13th, Nov. 
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87. In conglusfon we shall edd a few examples in further 
illustration of the rules. 


EXERcIsEs. 


(1). Suppose at Madras, on the 21st. of Janvary 1848, 
the shadow measured in Moon-light be 5¢ 442, what would 
be the time of night ? 

(2). At what time does the Moon rise and set at Bellary 
on the day mentioned in the previous example. Also the 
stars Sirius and Regulus ? 

(3). Being anxious to know the time at Pedeaspatarh 
on the 12th. December 1847, and not having a rod of 4 feet, 
I stood directly between the corner of a building and the 
star @ Orionis in the East, and then measuring the height of 
my eye and the point of the building which the star appeared 
to touch, found that the latter was.6 4. above the former, 
while the distance between the two points was 20% 8, Re- 
quired the time of night ? ; 

(4). What would be the length of shadow corresponding 
to the altitude of Sirius at Madras on the 21st. of, January 
1848, at 10 o’Clock Pp. Mm. ? 


END OF THE EXPLANATION, 
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TABLES. 


Rouie.—Having carefully measured the length "of the shadow of a rod 
of four feet, held perpendicularly on the ground in sun-light, look for 
it in the first column of the Table which is headed by the latitude of 
the place, or which has the place of observation mentioned in the list 
at the bottom. Also, find the period which contains the day of observa- 
tion. Then, in a line with the former and under the latter, will be 
found the interval in hours and minutes between noon and the time 
of observation. 

When the shadow is not found exactly in the first column proceed as 
in Rule IL. page 10. Also, wher? it is necessary to allow for changes of 
declination and latitdde proceed as in Rule II. page 11, or adept the 
quicker process explained in art. (38) page 26. 
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GENERAL TABLES, 


For THE DETERMINATION OF TIME, 
; + APPLICABLE TO ANY PART OF BritisH [npia. 


RULE 


Having measured the shadow of a rod of four feet held per- 
pendicularly on the ground, take out the following numbers 
trom Tables I, II, and 1V. viz: 

From Table I, the number answering to the length of the 

measured shadow. 

From Table II, that answering to the given-day and latitude 
in the case of the Sun, but given declination 
and latitude in the case of the Moon and Stars. 

“From Table IV. the same as from Table [1, 

Then, to the quantity from Table I, add that from Table 
IJ, and find the natural number answering to the sum from 
Table III. Add to, or subtract from it, the number from 
Table IV, according as the declination is South or North. 
Finally, look for this sum or difference in Table V, when the 
corresponding time will be supplied by the upper and left hand 
columns if the observation be made in the forenoon ; and by the 
lower and left hand columns, if in the afternoon, 

The following examples are subjoined as exercises additional 
to those in article (38). 








: EXFRCISES, 
1. At Candy in lat. 7° 23° N. given the shadow 12/ lo, on 
the 16th of Apri; required the time. 
Ans. 7 5™ A.M. or 4% 55" P.Me 
2. At Moulmein in lat. 11° 45’ N. given the shadow 7 8, on 
the 2Ist of May ; required the time. 
Ans. 7 37" A.M, or 4% 15" P.M. 
8. At Colombo in lat. 7° 2’ N. given the dark shadow 12/ 7", 
on the 10th of October ; required the time. 
Ans. 7. 1% A.M, or 4% 33 P.M. 
4, At Trincomalee in lat. 8° 31’ N. giverrthe dark shadow 4f _ 
84”, on the 5th of Decemb:r; required the time. 
Ans. 9% 25" A.M. or 2+ 17" P.M, 
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Match March Marcia April PAprit | April | Aprid| April |sprit | April 
23 | 26 | 28 3 )°5 8 11 | 13:} 18] 19 





! eves | sane a ae 
. | Sept. | Sept. | Sept. . | Sept. | Sept. | Sept. | Sept. | Aug. | Aug. 
21 | 18] 16 3} 10} 8 5 2 | 80 





1° 3° r 6° | 72} 8° | 9° | 
24|2u} 30! 34) 40) 48 66] 73) 

33 38) 56) 5] 75) 86) 

43 48 66 5} 85] 96 

5a 69 4 78 86t 96} 108) 

67 4 3] 91; 99F 109) Luo 
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219) 221) 224 : 242) 250 272 
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23 | 26| 28} 1 .| di | a4 
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21 | 18 | 16} 13 é 3 | 28 
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2g) 25/28] 11 5 | 8 | 42 26| 2b | 10 [g78 
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16| 284] 8021 3221 343] 366l 389 
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21] 411) 429| 449] 470] 492] 516 
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4] 14]12| 8 ' 5 | 2 | 29] 25 
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Taste FV. Giving the significant parts 
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of the natural values of tan. L. tan. D.* 
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Taste V. Showing the natural values 
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Sor pe h. for every minute of time. 
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gq some useful particulars. 
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No. 2., 
To draw a Meridian line. 

The tracing of the meridian lind, or the determination of 
the North point is an impoitant problem, useful for many 
purposes. The common method of effeeting‘it,,is.as- follows; 

> Drive a thin staff or picket vertically in a level piece of 

” ground, ‘and descrthe three or four. concentric. circles about 
it with different radii. Observe the points of each circle which 
the shadow thrown by, the picket touches both in the fore- 
noon and afternoon, Bisect the arcs contained between 
these points, and draw a line from the picket through the 
mean of the several bisections, and it will trace the meridian 
nearly. 4 

Another method rftore commonly used is by means of a 
compass needle, but the magnetic North differs so considera- 
bly from the true point, and the amount of variation is so 
Uncertain, that this method cannot be depended on to any 
degree of accuracy. 

At night, the North point may be determined very nearly 
by observing the Pole star* at the instant of its-upper or 
lower culmination which may be easily computed by the rules 
given in this work; or, by the upper culmination of a 

" southern star which may not be far from the horizo at the time. 

It will be observed, however, that these*methods while giv- 
ing the meridian line with sufficient accuracy for common 
purposes, do not engble us to find that line at any particular 
moment it may be required. The method we now propose 
to explain obviates this difficulty. 

Place a table on a level piece of ground in sun-light and 
suspend a plummet over it attached to a fine string. When 
the lead has become steady, note two points of the shadow 
projected by the string on the table, and at the same instant 
find the shadow of a rod of four feet as directed in article 
(14). Then, the sun’s azimuth (Z) or the angle which the 
meridian makes with the line drawn through these points 
may be computed by the formula : 

Cos. Z. = + sin D, sec. L. sec. 4. ~ tan: LZ. tan 4. 
where the upper or lower sign is to be used according as the 
declination is North,or South. < 

The above formula, it will be perceived, is symmetrical 
with thgt at page 23, and if we substitute 4 for D, and D for 


* The Mean right ascension of the Pole Star (a Ursz Minoris) for Jan. | 
1848 is Jh. 4m“4 the annual variation being + Om-z9. 
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A in the former, and find log. sin. D from any Trigonometrical 
tables, the rest of the computations might be performed 
by means of the general Tables given in this work, when the 
Sun’s altitude does not exeeed 35°, or the measured shadow 
is not Jess than 5* 9", For instance, 
Let it be required to find the Sun’s azimuth, when the 
shadow measured on the 4th March 1848, at Madras, is 10f. 5in. 
~ Here 4 == 20° 58’ (From No. 1 of the Appendix.) 
EL =13°5 (from page 22,) 
. D= 6° 21'S. (from the Madras Almanac.) 
Considering 4 as D, and Das A, we have the folllowing 
eomputation. 
Log. sin 6° 21’ (from Trig. Tables).......0......0:600008 + 90438 
Number from Table II answering to 13°°5’ and 20° 58’ 411. 
Sum.......... ores 0849 
Natural number answering to it from Table HI 
(being negative because the declination is South).... —1216 
Number from Table IV, answering to 13° 5’ and 20° 
58 (to be always sabtracted)......s0e..-seeeee sovserece— SOL 





The quantity answering to 2107 from Table V is either 
6" 48”. 4 or 5% 11™. 3, but as the sign of 2107 is negative we 
must take the former quantity, Reducing 48™.7 to degrees 
and minutes, and adding 90° thereto on account of the 6°, we 
get 102° 10° for the Sun’s azimuth at the time of observation.- 

Hence, by drawing a line making this angle with that in- 
dicating the position of the shadow of the string on thé Table, 
we shall obtain the direction of the meridian required. 

In applying the formula to particular cases, due regard 
must be paid to the signs of the terms of the second member. 
When the declination is North, the first term is positive, and 
may be numerically greater or less than the second term. In 
the former case, cos. Z is positive, and therefore Z is less 
than 90°, In the latter case, it is negative, and therefore Z is 
greater than 90°. When the terms are equal cos. Z == 0, and 
Z == 90° showing that the Sun is then in the prime vertical. 
Again, when the declination is South, cos. Z is always nega- 
tive; therefore, the resulting value of Z is always greater 
than 90°. ° 

The remarks made in art. Pg hold equally good with re- 
feterice to cases arising from the practical applications of this 
problem. es : 
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No. 3. 
+ 
On the Principles of Dialling. 

A dial isa plane -surface” on which a system of lines is 
drawn in sucha manner that the shadow of a wire, or of the 
upper edgé of another plane erected perpendicularly on the 
former shows the true or apparent time of the day. 

2. The edge of the plane by which the time of the day 
is found is called the stile, gnomon, or aais of the dial; the 
line on which the plane is erected, the substile; the angle 
included between these two, the elevation of the stile; and 
the system of Jines, hour-lines. 

3. Dials are distinguished from each other according to 
the position of their planes with reference to the horizon, 
or any other great circle of the celestial sphere. When the 
plane is parallel to the horizon, the dial is said to be hori- 
zontal, and when it is perpendicular, vertical. Ifthe plane 
of the dial facing the north and south, is perpendicular to 
the Meridian and makes an oblique angle with the horizon, 
it is termed inclining. 

4. When the dial is vertical, but inclined at an oblique 
angle to the plane of the Meridian, it is termed declining. In 
dials of this description, the substile always makes an angle 
with the 12 e’clock hour line, or meridian of the dial. 

5. A dial whose plane is neither parallel nor vertical to 
the horizon, nor perpendicular to the. Meridian, is‘called an 
oblique dial. * 

6. When the plane coincides with the Meridian, it is call- 
ed an east or west dial, and sometimes a Meridian dial. 
The hour lines on sucha dial should be *described on both 
faces; because both sides are illuminated by_ the Sun daily, 

- 7% When the plane is perpendicular to the Meridian, and 

arallel to the Earth’s axis, the dial is termed polar, because 
if produced, it would pass through the celestial poles. This 
dial docs not differ from that adverted to in the preceding 
article except in its position, as will be shown hereafter. 

8. ‘The nature of all dials whatever may be their form or 

. figure, may be easily explained by supposing the earth to be 
transparent, the equator.to be divided into 24 equal parts 
by meridian greles, and the axis of the earth to be opaque. 
It is obvioys that when the sun is situated on any of these 
qeridians, the shadow of the axis would fall on the opposite 
haif of that circle, so that if we conceive a plane to pass 
through the centre of the earth parallel to the plane of the 
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dial which we wish ¢o construct, and showing the intersec- 
tions of the meridian planes witlfit, we shall have the repre- 
sentation of a true dial on whick the shadow of the earth’s 
axis would exhibit the correct time of the day. In teality, 
however, we have neither a transparent earth, nor,is it pos- 
sible to draw a plane through its centre. We can therefore 
only approximate to the position of such a natural dial, by 
making the plane and axis of the artificial one correspond 
in direction to those of the former; and although the situa- 
tions of the two dials would differ by half the’diameter of the 
earth, yet this difference is so minute compared with the 
distance of the Sun, that no perceptible variation would 
arise in the direction of the hour-lines on the latter. 

9. Dials may be constructed by means of a terrestrial 
globe, by dialling scales, by stereographic projection, and by 
the rules of Geometry and Spherical Trigonometry. but we 
shall touch upon such methods only, as with reference to the 

“accuracy and expeditiousness of construction may appear 
most suitable. 
Prosiem 1. 

10. To construct a horizontal dial. 

If we elevate the pole of a terrestrial globe to the lati- 
tude of a place, and bring any meridian under the zenith, 

. the points where thé other meridians cut the artificial hori- 
zon will give the angles from the north point at which the 
hour lines on a horizontal dial ought to be inclined to its 
meridian. But the arc of the horizon contained between the 
North point and any meridian is obviously one side of a 
right-angled spherical triangle, the other side of which is the 
elevation of the poie or the latitude of the given place, and. 
the hypothenuse, the arc of the meridian contained between 
the pole and the horizon. Hence, we have in sucha tri-;, 
angle, one of the sides, and the angle included by it and tha 
hypothenuse, given, viz. the hour distance of the Sun from 
noon. Consequently, the other side, or the angle which 
the corresponding hour-line would make with the me- 
ridian of a horizontal dial, may be computed by the formula,* 

Rad. x sin. L = cotan. H x tan. h. : 
where Z denotes the latitude of the place, H the horary dis- 
tance of the Sun from Noon, and 4 the angle sorresponding 
to that distance on the dial. = 

By transposition and reduction, the above formula becomess 

Rad. X tan. A =sin. Z X tan. H. (€9) 


* Deduced immediately from Napier’s Rule. 
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Or, in logarithms, z 
Log. tan. A == log. sin. Z + log. tan. H — log. rad. 
. w EXAMPLE. 

Let it be required to construct a horizontal dial for the 
latitude of Madras. ‘ 

The latitude of Madras being 18° 5’, the computation for 
the hour line of XI in the forenoon, or I in the afternoon 
would be as follows. : 

Log. tan. horary angle 15°...... vagivere 9°42805, 
Log. sin. lat. 13° 5. ..sesseseesreseee es DB548L 





Log, tan. 8° 287......cceeee cece eee sa veeeee8°78286 
Hence the hour lines for XI in the forenoon, and I in the 
afternoon, must each make with the meridian of the dial, an 
angle of 3° 28’. 

In the same manner, the angles which the remaining 
hour-lines make with the meridian of the dial may be com- 
puted, and will be as follows ; 

Hour lines of X and IT....... 

1X and Ill........ 
VIII and IV... 
VIL and V.. 
VI and VI. ) 

11, As the sun rises between five and six in the morning and 
sets between six and seven in the evening, while he moves 
through the nortlfern half of the ecliptic, it will be necessary 
to show the’hour lines for V in the morning, and VII in the 
evening, or those half or quarter hour lines between them 
and the VI o’clock line, that may be considered sufficient. 
These lines may be drawn by simply producing the corres- 
ponding hour lines 8h the opposite side of the VI o'clock 
liné, or drawing parallels thereto, as the circumstances of 
the Gase may require. 

12. To construct a horizontal dial for Madras, therefore, 
assume any line 4B for its meridian, and any point B for 
the centre of the dial; and by means of a scale of chords, 
or acommon protractor lay off the angles 4B I and 4B XI 
AB Iland AB X, ABIII and ABIX, &c. respectively 
equal to 3° 28, 7° 27’, 12° 45° &e. which will give the 

’ hour-lines between VI in the morning, and VI in the even- 
, ing. _ Then, produce the hour-lines for V and VII, and the 
corresponding lines. for V in the morning and VII in the 
evening will be obtained. Describe any border round the 








Fig. 1. The 
dotted lines -in 
the diagram refor 
to Art. 17, 


lines; insert the characters for the hours; erect a stile at 
x 


Fig. 2. 
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an elevation of 3° 5’, and fix the dial on some horizontal 
surface with its meridian pointing due North, and South ;— 
when it will be complete.» e 


13. When the stile of a dial ‘has any thickness, two - 
meridian lines shotld be drawn, with a space between them 
equal to the thickness of the stile, and-the angles laid off 
on both sides from the corresponding meridian. In this case 
it is to be observed that the hour lines below the VI o’clock 
line will not be continuations of the same lines above it, but, 


parallel to them. (See Fig. 2). 


14. From the analytical expression (1) in art. (10), we 
obtain the following proportion ; 
Radius. 
: The sine of the latitude. 
:: The tangent of the horaty angle between noon and the 
Sun : 
: The tangent of the angle, which the hour line on the 
dial makes with its meridian ; é 
which leads to the following neat Geometrical constructions. 


15. Assume any double line 44’ BB’ for the meridian 
of the dial, BB’ being its centre, or the point through which 
the VI o'clock hour line passes. . 


From B’ draw the straight line B’C making the angle 
4’B’C equal to the latitude of the place ; draw 4D per- 
pendicular to B’C, and make AE equal to’ d4’D. From £ 
as a centre with a radius equal to 4£ describe the quadrant 
AEF, and divide its are into six equal parts in the points 
a, be, d,e. goin Ea, Eb, Ec, Ed, and Ke, and produce 
those lines till they cut Ae’ (a perpendicular to 4B at the 
point 4) in the points a’, b%, ¢’, d’, e’.-- Finally, draw the 
lines Ba’, Bb’, Bc’, Bd’, and Be’, and they will be the hour 
lines for one side of the dial. r 


16. Todemonstrate the truth of the above construction, draw 
BG, parallel to any of the lines Ha’, Et’, Ec’, &c. say Eb’. 
Then the angle A£0’ will be equal to the angle 4BG. Also 
because the triangles AEB’ and ABG, are similar, 4B: 
AG:: AE: Ab’, or AB: AE:: AG: Ab’. But to radi- 
us AB, AE (= A’D)= sin. L ; also AG = tan. H, and Ab’ 
== tan, A. Consequently, rad: sin. Z:: tan. H: tan. A, and 
therefore the construction is correct as regards the, line 
Bb’, or BU. In the same way it may be shown that all 
the other lines are rightly determined. 
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17. When the size of the surface, on which the dial is to 
be constructed is not large enough to admit of the intersec- 
tion of the lines 42 and Be’ being shown thereon, the fol- 
lowing method may be adopted. Having drawn the meri- 
dian line AB, and the stile line BC, describe a quadrant 
DE with any convenient radius cutting AB in D, end BE 
(a perpendicular to AB) in E. Draw DF perpendicular to 
BC, and from B as a centre with a radius equal to DF, de- 
scribe a quadrant GH, Divide the arcs DE and GH each 
into 6 equal parts in the points a, b,c, d, e, and a’, Uc’, 
d’, e, respectively. Then from the corresponding points 
aa’, bb’. cc’, dd’, ee’, draw lines respectively parallel to AB 
and BE, aud the intersections of every pair of these lines, 
will give the points a®, b’, c”, a”, e”, through which the hour 
lines must be drawn, for one side of the dial. 

18. By joining B to any of the points on the outer qua- 
drent as d, and producing dd” to cut BD in KK, we shall have 
Bd: Bd’ :: Kd: Ka",i. e. vad: sin Di: tan. H: tan. A, and 
therefore the construction is correct. 


19, Ifa horizontal dial constructed for any place be ta- 
ken to another on the surface of the earth, and there set 
up with its plane parallel to the horizon of the former and 
its axis directed to the pole of the heavens, 1t would, at the 
second place, show the time of the first as truly as it did prior 
to its removal. This fact is easily accounted. for by the cir- 
cumstanee that the Whole earth is but a point compared with 
4ts distance frém the Sun, and that therefore it is of no im- 
portance on what part of its surface a dial is placed, provided 
its parts are similar in position to the planes of the celestial 
sphere’which they are intended to represent. 


20, 2 If the second place differ in longitude from the first, 
the time shown by the dial there would not be the local time, 
for the plane of the instrument would be inclined to its 
meridian ; but the difference of time would be censtant 
and equal to the difference of longitude, and if we suppose 
the dial to revolve on its axis, till it is perpendicular to that 
circle, it would then become a true inclining dial for that 


place. It is on this principle that horizontal dials construct- 


ed for the latitude of London, and exported to this country, 
serve as universaledials; for to adapt them to any particular 
Place, ié is only necessary to rectify the instrument, and fix 


the plane of the dial circle so that its axis may point to the 
pole. 


Tig. 1. 
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Propiem II, 

2t. To construct a prime vertical dial. 

A prime vertical dial #% that delineated on the plane of a 
great circle passing through the zenith and the east and 
west points 6f the horizon. The elevation of the stile 
therefore in such a dial is equal to the co-latitude of the 
place; but in northern latitudes when the dial faces the 
south, the direction of the stile would be below the VI 
o'clock hour line; and above it, when the plane faces the 
north.—(See Figs. 3 and 4.) 

22, Asa horizontal dial would be vertical ata place si- 
tuated on the same meridian, but distant from it by 90°, and 
vice versd (art. 19), the formula given in art (10) would ap- 
ply to vertical dials by simply substituting the co-latitude for 
the latitude. We shall then have 

log. tan. A= log. cos. L + log. tan, H —~ log. rad....(2) 
Thus, the angles which the several hour-lines make with the 
meridian of a prime vertical dial for Madras, beginning with 
the nearest, would be 14° 37’, 29° 21’, 44° 15’, 59° 217, 
74° 87’, and 90° 0” respectively, 

23. The geometrical construction of prime vertical dials 
is precisely the same as that for horizontal dials, using only 
the co-latitude for the latitude of the place. The method of 
constructior giver: in art. (17) is shown in Fig. 4 as applied 
to a vertical dial. 

24, ‘The .remarks made in art. (19)-hold equally good 
with reference to vertical dials, and in tact, to dials of ever 
description. If therefore we construct a prime vertical dial 
for the Equator, and set it Up at any given place, vith its 
axis pointifig to the pole (which would make its plane re- 
cline from the Zenith by an angle equal to the latitude of 
the place) we shall have a correct dial of the simplest and 
easiest description; for in such a dial, the stile gay be 
only a pin driven perpendicularly through its centre, and the 
hour lines would make equal engles with each ether, and 
may therefore be found by describing a semicircle round the 
centre of the dial, dividing it into 12 equal parts, and draw- 
ing lines through the several divisions to the border of the 
dial. - 

Propuem III. 


25. To construct a vertical declining dial, 

The declination of a vertical dial is always rockonéd 
from the east or west points of the horizon towards the 
pole opposite to that which the dial faces, 
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26. The nature of a vertical declining dial may be thus 
explained by the globe. Elevate the pole to the latitude of 
the given place, scréw the quadrant of altitude to the zenith, 
and bring its edge to that part of the horizon which the 
plane of the dial would intersect were it produced to the 
heavens, ‘This done, bring any one of the 24 meridians 
under the graduated edge of the brass circle, and count from 
the zenith the number of degrees on the quadrant at which 
the other meridians cut-it. These arcs will give the measure 
of the angles for one side of the dial, which the corres- 
ponding hour lines ought to make with the 12 o’clock line. 
Set the quadrant to the opposite point of the horizon, and 
proceed as before, when the hour lines for the other side of 
the dial will be obtained. But, as in a declining dial, the 
substile makes.an angle with the 12 o'clock line, it is ne- 
cessary to ascertain the amount of that angle, as also the 
elevation of the stile. For this purpose, holding the qua- 
drant in its first position, bring any of the meridians to that 
part of the horizon, which a perpendicular to the plane of 
the dial would cut, and which would therefore be 90° dis- 
tant from the extremity of the quadrant. Then, this meri- 
dian and quadrant would cross each other at right angles at 
a point (4), the distance of which from the genith (Z) 
would be the measure of the angle made by the substile and 
meridian of the dial, and its distance of the pole (P), the 
elevation of the stile;-or latitude of the dial. 

27. The great circles passing through the points A, Z, 
P, obviously form a right-angled spherical triangle; the 
hypotheifuse ZP the colatitude of the place, and; the angle 
AZP the complement of the given declination (D), being 
known. ‘The remaining-parts may, therefore, be thus found, 
considering the radius as unity. 

Sin. AP (latitude of dial) = cos. L X cos, D. 
fangle made b at A 

Tan, AZ {eubetite and dertienl) =seot. L x sin. D. 

Cot. APZ an on oy =sin. D X cot. D. 


28. Hence; it appears that the dial would be horizontal 

at a place of which the sine of thé latitude is cos. Z. cos. D, 

and the cotangent of its difference of longitude equal to 

sin. Z. cot. D; and therefore the dial may be easily con- 

structed by the rules given for horizontal dials; but it is to 

“be borne in mind that the horary angle Hto be used in the 
caleulations must not be taken as 15°, 30°, 45°, &c. but 


Fig. 5. 


140 APPENDIX. No. 3. 
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what it would be if the hour-line were made that number 
of degrees distant from,the XII o’clock line. Thus, if it 
is found that the difference of longitude of the dial ina 
S. W. decliner is 35°, the horary angles to be used for the 
I, Ul, III, &c. hour-lines would be 20°, 5°, 10°, &c. re- 
spectively, and those for the XI, X, IX, &c. hour-lines, 
50°, 65°, 80°, &c. 

29. In all vertical dials, whatever the declination be, the 
XII o’clock line is always perpendicular to the horizon. 

80. When the dial faces the south, and declines towards 
the east, the substile would fall among the forenoon hours, 
but when it declines to the west, among the afteruoon 
hours. In N. W. and N. E. decliners, the hour lines cor-~ 
respond with those on the opposite faée of the dial exactly 
as if the dial were transparent and they were seen through, 
but the axis would be a continuation of that on the 
southern side. 

EXAMPLE. 


Let it be required to construct a vertical south dial for 
Madras, declining eastward 25° degrees. 
Lat. of dial. Dif, of long. of dial. 
cos. 13° 5’ ... 9°98858......sin. 138° 5’ ...9°35481 


cos, 25° 0%... 9°95728......cot. 25° 0 ..10-33133 
sin, 61° 59’... 994586 cot, 64° 6’ ...9°68614 











Angle between subs. and ver. e 
cot, 18° 5% eee seedeaseees 1063376 
Tin, Q5O 0 seeeressnenercsseeseees 9°62595 
tan, 61° 12? ceesecesee col econo LO 25971 | 
31. Thus, the problem is reduced to constructing a hori- 
zontal dial for a place of which the latitude is 61° 59’ S. 
and difference of longitude from Madras 64° 6’ eastward. 
The method of procedure would therefore be as follows, 
Assume any line 4B for the meridian of the dial, and as 
the dial is to bea S. BE. decliner, make the angle BAC 
equal to 61° 12’, to the left of AB, then AC will be the 
substile of the dial. Draw AD perpendicular to AC, end 
it will be the VI o’clock hour-line for thé place to which the 
dial would be horizontal. Now, deducting 15° from 64° 6° 
continually, we get the remainders 49° 6’, 34° 6’, 19° 6’,” 
4° 6’, for the horary angles of the Sun from noon for the, 
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XI, X, 1X, and VII o’clock hgur-lines, Deduct 4° 6’ 
from 15°, the remainder 10° 54’ Will be the horary angle 
for the VII o’clock hour-line, whicl will fallon the other side 
of the substile. Add 15° to 10° 54’; the sum 25° 54 will 
be the horary angle for the VI o'clock hous“line. Again, 
add 15° to 64° 6’, and the sum 79° 6’ will be the horary 
angle for the I o’clock hour-line. With these angles, there- 
fore, as the values of H, and 61° 59 as that of Z, com- 
pute, by the formula of art, (10), the corresponding values 
of h, which will be found to be those marked in the margin, 
Then draw the hour-lines, put any convenient border round 
. the dial, crect the stile with an elevation equal to 61° 59’, 
and set up the dial with the 12 o’clock hour-line vertical to 
the horizon, and with its plane declining according to the 
hypothesis, 

32. In a dial of this description, the illumination of its 
surface by the Sun in the afternoon, will depend upon the 
position of that orb in the ecliptic. When he is in the nor- 
thern tropic it will be the shortest day at the place to which 
* the dial is horizontal; he will therefore, set there at 2h Qim 

P.M. apparent time, which will correspond to 102 5™ A.M, 

‘at Madras, Consequently, on the 22d of June, the Sun 
will not shine upon the dial after that hour. _ Again, when 
he is in the southern tropic, it will be the lengest-day at the 
place in question ; he will therefore not set there till about 
9° 39" P.M., which will correspond to 5%. 23m P.M. at 
Madras, - Consequently, on the 22d of December, the plane 
of the dial willbe illuminated till that hour. These con- 
sideratiens must be duly attended to, in drawing the after- 
noon hour-lines of the dial. im 

33. ‘Tf the dial declines towards the west instead of the 
east, the Sun will not begin to shine upon it till ih 55m 
P.M. on the 22d of June; but on the 22d of December, it 
will be illuminated very nearly the whole day. 

34, The geometrical construction of declining dials may 
be easily deduced from the formule in art. (27). We shall 
here give one method without any demonstration, which we 
shall leave tothe ingenuity of our readers. 

35. Assume any line 4B for. the meridian of the dial, 
apd with any convenient radius describe the circle CDLK 
intersecting AB in the point C. Make the angle CAD 
equal ta,the co-latitude of the given place, or to the sup- 
plement of the co-latitude, according as the dial faces the 
South, or North; and from the point D, draw DE perpendi- 


Vi 
Vit. 
VIIk. 
1X. 
XE 


Il. 
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cular to dQ Make DEF = the complement of the given 
declination, the line EF = AD, and from F drop the per- 
pendicular FG. Throvgh G draw the dine Aff, and it will 
be the substile of the dial ; consequently, 4K perpendicular 
to 44 will bé the VI o’clock hour-line at the place for 
which the dial is horizontal. Again, produce BA to the 
point Z. Draw AN perpendicular to 4D, NO to AL, and 
AM parallel to EF. Make also 4P = AO, and draw PQ 
perpendicular to 4Z. Then from the centre 4, with a ra- 
dius = AQ, deseribe the quadrant RS. Draw NR per- 
pendicular to NO, and OR parallel to AM intersecting NR 
in the point 2, andin the line KB perpendicular to AK. 
at the point K, take KS == NR. Join AS, cutting the two 
quadrants in the points a, a’ respectitely, Then the angle 
ATAS will be equal to the difference of Jongitude of the dial. 
From the point a, lay off on both sides of it, the ares, ab, be, 
ah, hm, &c, each equal to the sixth part of the quadrant 
HK, and mark off in like manner on both sides of the point 
a’, the ares al’, b’c’, ah’, &e. each equal to the sixth part 
of the quadrant RS. Also, from the points on the larger 
quadrant draw lines parallel to 4K, and from those on the 
smaller, lines parallel to 4H intersecting the former in the 
points 64, ¢”, hk”, &e. Join 4b’, Ac", Ah’, &e., and they 
will be the hour-lines of the dial. It is not necessary to 
draw the lines from the points aa’, because they would meet 
on the line AC which is already determined. 

36. To find the elevation of the stile, draw a tine from 
the point S, parallel to 47 cutting the circumference of the 
circle KCDL in the point 7. Then if AT’ be joined, the 
angle IZA7’ will be equal to that elevation. 


Prosiem I¥, 


37. To construct an oblique dial. 

This problem, it is manifest, will be reduced té the pre- 
ceding one, if we could find the latitude of the place at which 
the required dial would be vertical, and the amount of its 
declination (d) there. Now agreat circle passing through 
the east point of the horizon perpendicular to the plane of 
the dial, would form with those two circles, a right angled 
spherical triangle, in which the hypother-use would be equal 
to the given declination, and one of the adjacent angles to 
the given inclination.*® The remaining angle would be the 





* The inclination of a dial is the angle which its plane makes with the 
horizon, When that angle is greater than 900, the dial'is said ‘to recline, 
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difference of latitude between the ,given place ‘and that at 
which the dial would be vertical, and the side adjacent to 
that angle would be the deelination*of the dial at the latter 
‘place. Thicse elements may, therefore, be calculated by the 
formulas, 
sin. d = sin. J. sin. D; 
and, cot. diff of lat. == tan. 7. cos. D. 


whence, the latitude of the place where the dial would be 
vertical, as also its declination there being found, these 
quantities may be substituted for Zand D in the formulas 
given under art (27) and the dial constructed as a vertical de- 
clining dial, 
EXxamPie. 

Let it be required to construct a North dial for Madras, 

that declines eastward 10°, and reclines 15° from the Zenith. 





To find d. Yo find the dif. of lat. 
sin. (90°+15°%==) 105°...9°98494 tan. 105°.......10°57195 
$i, EO i seccdawevtsrssecess 9.23967 cos. 10°......... 9°99335 
sin. 9° 89’=d....... ssereee9'22461 cot. 15° 13%,...10°56530 








Hence the latitude of the place where the diah ‘would be 
vertical is (18° 5’ — 15° 13’ =) 2° 8’ S, and the declination 
of the plane there 9° 39° E. Therefore, substituting 2° 8° 
for LZ, and 9° 89’ fotsD in the formule of art (27) we get 
We 7’ N. for the latitude of the dial, 77° 28" for the angle 
made by the substile and XII o’clock line, and 77° 89 for 
the difference of longitude. Consequently, the éial may be 
onstrueted asa horizontal one. (See Fig. 7.) 


“Prosiem V. 


38. To construct a vertical east or west dial. 

In art. (24) we stated that if a prime vertical dial con- 
structed for the equator were sct up at any place with its 
axis pointing to the celestial pole, and therefore its plane 
eoinciding with the equinoctial, it would become a true dial 
for the place.“ Now let us suppose another plane to in- 
tersect it at right angles in somé line parallel to the.meri- 
dian of the dial, then-it is obvious that the shadow of the 
axis would be projected on this plane in straight lines paral- 

. 4 to eath other, and that the distance of these lines from 
the VI o’clock line, would be the tangents of 15°, 30° 45°, &c. 
multiplied by the distance of the intersecting plane from the 


Figs, 8 and 9 


Pig. 10. 
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meridian of the dial. Ifthe axis were now considered < 
tached to the perpendicular plane and the dial be remove 
we shall have a correct east or west dial according as its fac 
is turned towards the cast or west. 


89. The construction of such a dial would therefore k 
as follows. On the east or west vertical plane, assume anv 
line AB for the VI o'clock hour-line. Make BE equal to t} 
breadth of the rectangular plane ABCD, whose edge C 
is to serve as the axis of the dial, and from the centre B wit 
a radius equal to BE describe a quadrant EG; divide * 
into six equal parts in the points a, 6, ¢,d,e and join B 
Bb, Be, Bd, Be. Produce these lines to cut EF (a pe 
pendicular to 4B at the point Z) in the points a’, b’,¢ 
d’, e’, and through a’, &’, c’,d’, e’, draw lines parallel t 
AB, and they will be the hour-lines of the dial. Ther 
erect the plane ABCD perpendicularly to the plane of th 
dial on the Jine AB, finish the dial as shown in the diz 
gram, and set it up with the axis pointing to the pole 
which’ willbe the case when a line ZH making an angl: 
with ZF equal to the latitude of the place, is vertical to th 
horizon, 

Prosiem VI. 


40. To construct a polar dial. 

If in art. (88) we consider the position of the intersectin; 
plane to be not parallel to the meridian of the dial but per- 
pendicular to it, and the hour-lines to be produced till they cut 
its surface, we shall have the representation of a polar dial. 


41. The construction of such a dial would thérefore bi 
as follows. Assume any line 4B for the 12 o’clock how 
line, or meridian of the dial. Make-BZ equal to the breadti 
of the plane ABCD, whose edge CD is to serve as-the axi: 
of the dial, and from the centre B with a radius equal to 
BE describe the quadrant BG. Divide it into six equa’ 
parts in the points a, 8, c, d,e, and join Ba, Bb, Be, Bd, 
Be, Produce these lines to cut EF (a perpendicular to AB 
at the point £) in the points a’, b,c’, d’,e’, and throug) 
a’, b’, c’, d’, e’, draw lines parallel to 4B, ana they will b« 
the hour-lines of the dial. * Then erect the plane ABCE 
perperdicularly to the plane of the dial on the line 42, 
finish the dial as shown in the diagram, ‘and set it up with 
the axis pointing to the pole, and therefore the plane of the 
dial inclined to the horizon at an angle equal to the lati- 
tude of the place. 
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42. Itis obvious that this dial differs fypva an cast or 

" west dial only in its position, ard that if the latter be sup- 

posed to revolve on its axis through an are of 90°, it would 
become a polar dial. oy 

43. The dials treated of in the 5th and 6th Problems will 
show time from a little alter six in the morning to a little 
before six in the evening, provided they are of sufficient 
extent to admit of the shadow meeting their planes. At 
the hours of six in the morning or evening, their planes pass 
through the Sun, and will therefore not be illuminated. 

44, There are dials of various other descriptions, which 
our limits do not permit us to enter upon, but the prin- 
ciples involved in their construction are the same as those 
already treated of, so that any one who fully understands the 
latter will not be at a loss to comprehend the former. See 
the articles on Dialling in the Encyclopedia Metropclitana, 
and in the Edinburgh Encyclopedia. 
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